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SPECIFICATIONS FOR TRANSIT TRAVERSING AND 
STADIA LEVELING 


This paper has for its purpose consideration the effect the errors 
combination which attend the work transit traversing and stadia level- 
ing. indicates method whereby specifications for each operation the 
field work may prepared, that the survey whole may most econom- 
ically and expeditiously executed. 

The theory errors has been adequately developed elsewhere, but for the 
most part, has been applied measures precision, such the probable 
error, and others, and the adjustment observations the method 
least squares. Authors textbooks treat the various sources error sep- 
arately, but the total effect the errors combination the surveying 
processes, appears have received but little consideration. This especially 
true regards surveys ordinary low precision. 

Many surveys are simple plan and are such small scope that any 
detailed analysis the methods would absurd, but has been the writer’s 
observation that engineers who deal with surveys only occasionally, are apt 
use about the same procedure and precision for one and all alike, with the 
result that work any magnitude much time wasted, 
either unnecessarily refined measurements repeating the measure- 
ments achieve satisfactory results. 

may added that this paper intended indicate method only, 
and not complete treatment the subject. Many sources error that 
are not mentioned will found important under certain field conditions; 
but the method indicated herein should enable the engineer specify intel- 
ligently—for any survey and under any conditions—the care which should 
used for each part the field work. 


‘discussion this paper will closed March, 1929. 
Asst. Prof. of. Surveying, Univ. Illinois, Urbana, 
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DEFINITIONS 


the usual treatment “systematic errors” assumed that, some 
cases, their effect can eliminated either corrections applied the meas- 
ured quantity, systematic field methods. Thus, stated, the effect 
the incorrect length tape can corrected computation, the effect 
non-parallelism between the axis the level tube and the line sight 
engineer’s level may eliminated taking foresights and backsights 
equal length. this paper, however, fundamental conception that 
error always quantity which both the magnitude and the sign are 


unknown. Accordingly, far the conditions mentioned not affect. 


final results, they are rot considered errors. accordance with this con- 
ception, the following definitions are given. 

Systematic error which always has the same (unknown) 
sign, and, therefore, cumulative its effect—but the magnitude which 
cannot systematic error. Its effect cannot removed 
systematic field methods. 

Accidental Errors—Such errors have the following characteristics (as- 
suming that large number observations are taken): Plus and minus 
errors are equally numerous; (b) small errors are more numerous than large 
ones; and (c) very large errors not occur. 

part the effect source error which can always 
termed cumulate. 

Mistakes.—Differences from true values, arising from confusion the 
mind the observer, are mistakes. They are detected checking the work 
and are eliminated applying corrections. need not added that the 
subject mistakes has place discussion errors. 

The Probable error such magnitude that series 


_of like measurements, the number errors larger, equals the number errors 


smaller, than the probable error. other words, series like measure- 
ments, the probable error has such value that the chances are even that the 
error any single measurement, taken random, smaller (or larger) than 
the probable error. 

These definitions are made clearer the following examples. 

Example 1.—Let supposed that steel tape used careful 
survey. sent the Bureau Standards, Washington, C., 
where its length determined 100.021 ft. using the tape its 
length assumed 100.000 ft. Hence, the quantity, 0.021, the cumulate 
and the quantity, the systematic error. the process chaining, the 
small errors made marking the ends the tape are accidental errors; and 
mistake would made fractional distance 59.13 ft. was misread 


ft. 


Example 2.—A level party required carry line levels across 
river. The levelman reads rod held bench-mark the near bank 
the river (B. M.,), 4.37 ft., and the far bank (B. M.,) 8.31 ft., 


from which the difference elevation determined 3.94 ft. calculates 
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the effect curvature and refraction 0.04 ft. This subtracted from the 
reading and the corrected difference elevation determined 
3.90 ft. this case the quantity, 0.04 ft., cumulate; and are 
differences from true values affected both kinds errors: (1) The acci- 
dental errors arising from such causes leveling the instrument, sighting, 


holding the rod, and (2) the systematic error due the imperfect adjust- 
ment the instrument. 


Errors AND THE INTER-RELATION 
attempt made this paper derive the fundamental formulas. 
Compensation.—This principle states that series observations 

affected accidental error the total probable error given the product 


the error single observation times the square root the number 
observations. Thus, 


which, the total probable error; the probable error single 
observation; and the number observations the series. 

The Summation principle states that the total 
probable error measurement the result several errors acting inde- 
pendently, the value the total probable error given the square root 


the sum the squares the separate probable errors arising from the 
several sources. Thus, 


which, the total probable error and are the separate 
probable errors affecting the measurement independently. 

The Product measured quantity, the result two 
independently measured quantities, A,, A,, such that A,, then, 


which, the error the quantity, and e,, e,, represent the errors 
the quantities, and A,, respectively. 


The more general form this relationship expressed terms the 
partial derivatives. Thus, 


area rectangular city lot has been determined 
the measurements: The length, ft, and the width, 
48.3 0.03 ft. What the probable error the area? 

Equation (3), since A,, 

4.1 sq. ft. 

Example 4.—The height transit station has been computed from the 
measurement slope distance, 837.3 0.2 ft., and vertical angle, 
20’+ What the probable error the calculated elevation 
Station 


ct. 
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and, therefore, Equation (4), 


Sources Error CHAINING 


The principal sources error chaining may described briefly 
follows: 


(a) Length Tape, source error arises from the fact that 
comparison made between steel tape and standard length, not exact. 
certificate given the Bureau Standards for steel tape, 
follows: 


STANDARDS CERTIFICATE 


“This certifies that 100-Foot Steel Tape No. 2432 has been compared with 
the standards the United States and, for the intervals indicated, has the 
following corrections 62° Fahrenheit when supported horizontally through- 
out its entire length under Tension pounds avoirdupois: 


Interval Correction Probable Error 
100 ft.) 0.002 foot 0.0003 
Tension: pounds 
100 ft.) 0.006 foot 
Tension: pounds 
100 ft.) 0.015 foot 


“Note: The foregoing comparisons were made the and 100-foot 
lines the brass sleeves. 

Correction means that the tape too long, e., longer than the 
nominal length the interval; Correction that shorter the 
amount indicated. 

“The comparisons this tape with the United States Bench Standard 
were made temperature 83° Fahrenheit and reducing 62° 
Fahrenheit, the coefficient expansion the tape assumed 
0.0000062 per degree Fahrenheit.” 

While use, 100-ft. steel tape assumed exactly 100 ft. long; 
but reference the certificate shows that for this tape its length 62° 
Fahr. and under tension 99.998 ft. Hence, the 
cumulate 0.002 ft. and the systematic error 0.0003 ft. 

(b) Temperature, will noted that the Bureau Stand- 
ards certificate states the length the tape temperature 62° Fahr. and 
gives the value the coefficient expansion 0.0000062 per degree Fahr. 
Hence, the tape the field has another temperature its length will 
changed appreciable amount. 

the field temperature not effect becomes systematic 
error. the value the field temperature determined, the change 
length becomes cumulate and may eliminated the proper computations. 

However, because the temperature cannot measured exactly, there will 
result corresponding small systematic error the length the tape. 
assumed that the temperature remains approximately constant for given 
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measurement, the errors resulting from temperature changes are systematic 
kind. 

(c) Grade, the horizontal distances only are desired taping, 
small errors will always caused the slope the ground. This will 
true whether the tape stretched level stretched the ground because 
the first case there will small deviation from truly horizontal 
position and the latter case there will small error determining the 
inclination the slope. 

the tape stretched level, the resultant error will systematic 
kind because whether the tape inclined upward downward the resultant 
error will have the same sign. the tape stretched the ground and 
correction applied the measurements, the errors (as the case when 
the tape not held level) will systematic kind. If, however, the 
inclination the slope determined, cumulate produced, and the 
corresponding correction can applied. However, because the errors 
estimating the slope, small resultant errors will remain the tape measure- 
ments, and because some estimated values slope will too great and 
some too small, the resultant errors will accidental kind. 

Moreover, will noticed Table that variation of, say, ft., has 
different values for different slopes. For example, the variation between 
cumulate; but the variation between and slope accompanied 
variation 0.07 ft. the error cumulate. This condition must 
carefully observed calculating the probable error due slope the 
ground. 

(d) Alignment, effects errors alignment are exactly 
similar those grade, except that they can minimized much more 
easily. 

(e) Sag, held off the ground tape sags. For known 
conditions weight, and size tape, cumulates may computed and 
the corresponding corrections applied. Because errors determining the 
values pull, weight, and size, small errors result. Since the variation 
pull the largest factor causing the resultant error and because the 
amount the pull will vary both above and below the estimated value, 
this resultant error will accidental kind. 

correction for the effect sag applied, systematic error results. 
Table gives the values the cumulates errors for various conditions. 

(f) Marking Tape Lengths, position the end the tape 
usually marked with stake, pin, kiel. Since this position can never 
indicated exactly, and the distance likely too great 
too small, there result accidental errors the magnitude which depend 
the care used marking. 

(g) Pull, tape elastic. therefore has its correct length only 
under given standard pull. For any other pull, the tape will too long 
too short and resultant accidental errors are caused. This effect pull 
should not confused with its effect sag considered under Article (e). 
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(h) Wind, tape stretched unsupported and strong wind 
blowing, the center the tape will carried one side the line joining 
the two ends the tape. This condition causes effect similar to, but 
usually much less than, that sag. 


Sources Error ANGLES 


The principal sources error the measurement horizontal angles 
are: (a) Centering the instrument over point; (b) sighting point; (c) 
reading the verniers; and (d) inaccurate adjustment the instrument. 
These errors are mainly accidental kind. notable exception the 
effect non-perpendicularity between the line sight and the horizontal 
axis the instrument if, traversing, the backsight always taken with 
the telescope inverted, and the foresight taken with the telescope normal, 
vice versa. this procedure followed, systematic error results. can 
largely eliminated and rendered accidental error alternate stations 
the backsight taken the first station with the telescope inverted, and 
the next station with the telescope normal. careful work all the errors 
non-adjustment are greatly minimized and rendered accidental kind 
double sighting, the telescope being reversed between sights. 


Distances.—The effect systematic error the length the sides 
figure given traverse. For assumed error the length the 
tape supposed that the true distance, AB, measured AB’, the 
error being BB’. Also, the true distance, BC, measured and 
the total error represented the distance, CC’. The erroneous 
traverse, AB’ is, therefore, similar form to, and the sides are 
parallel with, those the true figure. The total displacement any point, 
given the distance, This line coincident direction with, 
and proportional length to, the line, CA, which may called the radial 
line the point beginning, Likewise, the errors, DD’ and FE’, are 
coincident direction with, and proportional length to, the radials, 
and respectively. Since the error, thus coincident with and pro- 
portional the line, evidently the error closure zero, which 
condition plainly necessary systematic error present throughout 
the traverse. 

Angles.—The effects the errors the measurement angles are 
accidental kind, they may easily rendered. the effect 
systematic errors angles will disregarded. 


Errects Errors TRAVERSING 


total linear error resulting from the accidental errors 
measurement any given side traverse, independent similar errors 
the other sides the traverse. Accordingly, the total combined effect may 
considered function the length the traverse only; and since 
accidental errors are compensative their effect, the total probable error 
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resulting from the accidental errors chaining will given the product, 


single tape length; and tape lengths the traverse. 


Fig. 


Angles.—Since the direction each side traverse determined 
measuring the angle between and the preceding side, follows that 
error made measuring any given angle, affects all succeeding sides. This 
condition may analyzed reference Fig. angular error 
will cause linear error the magnitude which given the relation 
that, EA, which, the linear error e,, the angular 
error expressed radians; and the length the side, which may 
expressed Since are very nearly 0.0003, radians, then, 
angles are read that there possible error each one, 

Likewise, the angular error the station, considered, the angle 
will displace the point, amount equal the rotation about 
through the angular error, e,, Hence, the linear error due 
angles only, will given the relation, 0.0003 and, similarly, 
for the other stations, and According Equation (2) the total linear 
error will be, 


Systematic Errors Open TRAVERSE 


Distances.—The total effect the systematic errors distances the case 
open traverse has been indicated describing the effect these errors 


vr; ~*~ / 
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closed traverse. Thus, Fig. has been shown that the total 


error any point, for example, proportional the radial length, DA. 
Accordingly, Fig. let the points, and represent the transit 
stations open traverse, and let the lengths the sides, 100-ft. stations, 
shown the numbers thereon. Thus, 600 ft., ete. Hence, this 
traverse, the total systematic error distance will proportional the 
length, 300 ft. 


Angles.—The errors the measurement angles will dis- 
regarded this paper. 


ACCIDENTAL Errors Open TRAVERSE 


The total effect the accidental errors both distances and angles 
will similar nature, and the probable errors are the 
same manner, those for the closed traverse. 


APPLICATIONS THE ANALYSIS CLOSED TRAVERSE 


Example illustrates the application this method analysis closed 
traverse. 

Example Fig. let the lengths the sides be: 
BC=8; CD=8; and stations, respectively. The 
traverse was run under the following conditions: The tape was 
0.01 ft. 62° Fahr. when supported throughout under tension 
the estimated average temperature the tape was 90° Fahr.; the 
the tape was lb.; the average ground slope was 5%; the country was 
partly open and partly wooded that for one-half the distance, the tape 
was held horizontal (unsupported) and, for the other half, was held the 
sloping ground; the average error marking the tape lengths was 
0.05 ft.; and the average error measuring the angles was What 
the calculated total probable error closure? 

Errors Chaining—The magnitude the cumulates and the probable 
errors may calculated follows: 


7 

Fic. 

ar 7 

ase 
ors 


2648 TRANSIT TRAVERSING AND STADIA LEVELING [Papers. 


the tape compared with standard tape, the 
length found 0.01 ft. 62° Fahr. Hence, the cumulate 
0.03 ft., and the systematic error 0.01 ft. 

assumed that the field temperature estimated 90° 
Fahr. and that the probable error this estimation 15° Fahr. Hence, the 
cumulate (Table 0.02 ft. and the systematic error ft. 

the average slope 5%, and the tape held the ground 
one-half the distance, then the cumulate (Table 1), —0.12 ft. per tape 
length. Also, assumed that the probable error estimating the slope 
1%, then the accidental error found the difference between 
the cumulate for slope and that for (or 4%) slope. These 
differences are found 0.06 ft. and 0.04 ft., average 0.05 ft. 

tape which weighs lb. and for tension lb., the 
cumulate for sag found (Table 0.06 ft. For assumed variation 
lb. the tension, the change the effect sag —0.03 ft. and 
0.02 ft., or, say, ft. 

effects are assumed negligible. 

the probable error marking the tape lengths 0.1 ft., this 
effect accidental error. cumulate can calculated for this source. 


The combined effect these separate errors found Equation (2), and 
the computations are conveniently arranged shown Table 


TABLE DETERMINE CHAINING 
CLOSED TRAVERSE. 


Source. Cumulate. 


Total correction 6.6 ft.; total 0.8 ft. 


Errors Equation (5), the total probable linear 
error closure resulting from the accidental errors measuring the angles 
given the relation: 


Total Probable Error the probable errors for dis- 
tance and angles, the total probable error resulting from both sources is, 
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This error closure (about 4000) may seem surprisingly small for 
the field conditions named. indicates three important facts: First, that 
systematic errors distances and angles (provided they are present 
throughout the work) not affect the error closure; second, that the total 
errors traversing can easily and largely reduced the cumulates are 
removed simple calculations systematic field methods; and, third, 
that the computations are based the assumption that the errors are acci- 
dental kind. any sources error operate systematic errors through 


part and not all the work, then the error closure seriously 
affected thereby. 


Errors Chaining.—Let Fig. represent open traverse for which the 
same field conditions apply those assumed for the closed traverse the 
previous case. 

has been shown that the systematic errors chaining from one point 
another are proportional the length the line connecting these points. 

The cumulates will the same calculated for the closed traverse 
and the total probable error chaining shown Table 


TRAVERSE. 


Source. Kind. Amount, 


Neglect 


Total 0.9 ft. 


Errors final error resulting from accidental errors 
measuring the angles Equation (2) follows: 
Errors Chaining and Angles combined effect the 
errors chaining and angles may represented and, therefore, 
may noted that this traverse has the same length that the 
closed traverse, and the difference magnitude between the errors closure 


+1.3 ft. for the closed, and ft. for the open, traverse caused 
entirely systematic errors, operative both cases. These were eliminated 
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the closed traverse, but could not eliminated the open traverse. This 
condition calls attention the necessity giving careful attention sources 
systematic errors for traverses which not close, the errors are not 
exceed prescribed limits. 


PREPARING SPECIFICATIONS 


General the preceding pages method has been indicated 
whereby the total probable error displacement the terminal point 
traverse can calculated the field conditions are known. principal 
purpose this paper, however, indicate the reverse procedure; that is, 
for known permissible error displacement the terminal point 
traverse, write specifications for the field work such will yield the desired 
Assuming that the permissible total error displacement and the 
field conditions are known, the successive steps the procedure are, 
follows: 


(a) Assign the total permissible error the two general sources error, 
namely, those angles and distance, respectively. 

(b) Assign values the separate sources error the chaining such 
that their combined effect will not exceed the amount assigned distance 
under Step (a). 

(c) Caleulate the permissible angular error for each transit station such 
that the combined effect will not exceed the amount assigned angles under 
Step (a). 

(d) Write the specifications govern the field work accordance with 
the values found under Steps (b) and (c). 

open transit-tape traverse approximately mile long 
run with total permissible error displacement 1.0 ft. The 
ground rolling with average slope about 6%; partly wooded and 
partly open that for one-half the distance the tape held unsupported and 
for the other half held the sloping ground; the shape the traverse 
sketched shown Fig. required write specifications for the 
field work involved: 

(a) For this traverse equal amount permissible error will as- 
signed distance and angles. Accordingly, Equation (2), 

or, 
hence, 

(b) arranging the computations shown Table estimate 
the distribution various chaining errors obtained. 

(c) assumed that systematic errors measuring angles will elim- 
inated the field and the permissible error will for accidental 
errors only. The values the radial distances, are estimated; hence, 
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(d) According the values assigned the various sources error under 
Steps (b) and (c), the following specifications will apply the field work: 
The length the tape shall known within 0.005 ft. 
The temperature the tape shall determined within 15° Fahr. 
The slope the ground shall estimated correctly within aver- 
age error per cent. 
The tension the tape compensate for sag (weight, shall 
not vary from the standard tension (12 lb.) average error greater than 
TABLE ror DETERMINING CHAINING Errors 
Source. Kind. Amount, 
Accidental 
ler 
ith 
Errors due variations pull may neglected. 
‘he Errors due variations from true alignment may neglected. 
The positions the ends the tape shall marked such manner 
that the average error shall not exceed 0.05 ft. 
The average error measuring the angles shall not exceed 30”. 
MEASUREMENTS 
as- measurement horizontal distances the stadia method 
affected the systematic errors the determination the interval factor, 
differential refraction, inclination the rod, and the accidental 
errors reading the rod intercept, the vertical angle, ete. The effects 
these errors, both for closed and for open traverses, will similar nature 
those described for chaining. 
The stadia formula for the horizontal distance is, 
which, the distance; the rod intercept; the factor interval; the 
vertical angle; the principal focal length the objective lens; and the 
ntal distance from the objective lens the vertical axis the instrument. The 


value, cos negligible and will disregarded. 
According Equation (4), 
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which, the total probable error, and the number stadia read- 
ings. 

specifications for any transit-stadia traverse may 
prepared the following procedure (see Steps (a) (d), page 2650): (1) 
Decide the total permissible error; (2) assume average values for and 
and the probable errors for and namely, and compute 
the total probable error; (4) revise the assumed values the probable errors, 
necessary, meet the required degree accuracy; and (5) write specifica- 
tions for field work. 

Example 7.—It desired measure the length the traverse shown 
Fig. the stadia method such that the probable error displacement 
the point, shall not exceed ft. Write specifications for the field work: 

(1) The permissible probable error ft. 

(3) this example the error, ¢,, systematic error, and and 
are accidental errors. Since the first term under the radical represents the 


systematic error, for this term, will for the second and third 


terms, will 10. Hence, 


(4) The calculated value ft. greater than the permissible amount 
ft. noticed that the largest share the total error caused 
the error, hence, assumed that more careful determination this 
reduced 0.1 ft.; also noticed that yields only very small error, 
and will expedite the field work increase this permissible error 
Using the revised values, 


(5) The specifications for the field work are: 


(a) The stadia factor interval shall determined within maximum 

(b) The average error reading the rod intercept shall not exceed 
0.03 ft. 

(c) The average error reading the vertical angles shall not exceed 
05’. 


Remarks.—Results determined Example show that the 
stadia measurements reducing the systematic errors, and that, 
for small vertical angles, the effect the error, quite For 
large angles, however, the analysis gives method for determining the required 
degree precision all factors, 
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the same for stadia traversing. 


Example desired run line stadia levels miles long with 
permissible error closure ft. Write specifications for the field 


work: 


(a) The permissible error closure 3.0 ft. 


(b). Since the methods used stadia leveling all errors become acci- 
dental kind and, therefore, compensative, the average permissible error for 


single reading may calculated. 


error; and the number observations. 


for average sights 400 ft., the number sights will about 65. Hence, 


(c) Assume the stadia constant, known with probable error 
0.3 ft.; the rod intercept read with probable error 0.03 ft.; and 
the vertical angle measured with probable error 


The stadia formula for the difference elevation, given the 
relation, 


The quantity, sin will neglected the following calculations. 
Equation (4) and assuming the average rod intercept 
4.00 ft., and the average vertical angle, 3°; 


2 


seen that the assumptions Step (d) yield probable error, 
0.80 ft., which less than that required under Step (b). Accord- 
ingly, the probable error reading the rod may increased 0.04 ft. 
Using this value, the total probable error, 0.33 ft., which satis- 
factory. 
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The procedure for preparing specifications for the work stadia leveling 


which, the probable error single reading; the total probable 
For traverse miles long and 


(8) 


2654 TRANSIT TRAVERSING AND STADIA LEVELING 


(e) The specifications for the field work are: 
stadia constant, shall determined with probable error 
not exceeding 0.3. 
2.—The probable error reading the rod shall not exceed 0.04 ft. 
3.—The probable error reading the vertical angles shall not 
exceed 02’. 


CoNcLUSION 


The actual behavior errors agrees more nearly with their theoretical 
characteristics the more carefully the measurements are made. other 
words, the conditions under which the measurements are made, are carefully 
controlled, the systematic and accidental errors can more perfectly classi- 
fied than the control the measurements less complete. Accordingly, 
theoretical and actual results, regards the errors surveying measure- 
ments, will agree more closely under the former than under the latter condi- 
tions. However, for the relatively crude measurements low precision 
believed that the speed the work can increased and the character the 
results greatly improved the judicious use the methods here presented. 
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COMMENTS THE DESIGN 
SLUDGE DIGESTION TANKS* 


The digestion sewage solids brought about certain fundamental 
processes that are common Nature. These were utilized Man for the 
treatment sewage before the development the science bacteriology and 
before any proper appreciation was had their nature. has given 
excellent outline the use digestion the cesspools London and 
Paris early the Nineteenth Century, the application the principles 
involved small household appliances, and, the latter part the century, 
the septic tank. 

The septic tank has been largely superseded the Imhoff tank, and 
the past few years there has been decided movement toward the digestion 
sewage solids separate tanks. These developments have been brought 
about large measure efforts minimize the nuisances attendant the 
treatment sewage; make the tank effluent more amenable further treat- 

ment; and reduce the costs construction and operation. 

The purpose this paper indicate the manner which the experi- 
ences past years the use tank treatment and the recently developed 
knowledge the bio-chemical actions, are being applied the design 
sludge digestion tanks. 


WITH Septic 


The long use septic tanks and cesspools has shown that the anaerobic 
digestion sewage solids will reduce these solids very largely bulk and 


discussion this paper will closed March, 1929. 


Presented the meeting the Sanitary Engineering Division, Asheville, C., April 
21, 1927. 


Prin. Asst. Engr., James Fuertes, New York, 


“The Antecedents the Septic Tank”, Leonard Metcalf, Am. Soc. E., Trans- 
actions, Am. Soc. E., Vol. XLVI (1901), 
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will leave residue inert, odorless character. This resulting sludge can 
handled with relative ease and dried readily. Thus, the septic tank marks 
distinct advance over the plain sedimentation tank and brings about 
reduction operating costs through easier sludge handling. Because the 
difficulty properly disposing the sludge from plain sedimentation tanks 
the development odors following treatment was probably not increased. 

Certain evils, attended the use the septic tank. The sewage 
became highly charged with odorous gases decomposition, which were often 
liberated the air during subsequent treatment. The effluent did not re-act 
easily aerobic treatment fresh sewage effluents. During warm weather, 
times heavy gas formation the tanks, the effluent was contaminated 
with suspended matter, often amount excess that the raw 
sewage. The usual was that considerable odor was developed the 
tank itself, both from the gases rising out the liquid and from those pro- 
duced the mats scum top. 


TANKS 


The advantages the digestion sewage solids, shown the septic 
tank, were utilized even better advantage the Imhoff tank. While 
retaining the anaerobic decomposition solids, this tank permitted the flow- 
ing sewage retain its freshness confining special compartment 
separated from the decomposing sludge and allowing the freshly depos- 
ited solids pass the sludge compartment gravity through slots con- 
structed prevent the contamination the flowing sewage gas- 
lifted solids. Only the oldest and most thoroughly digested sludge removed 
from good Imhoff tanks, and probably somewhat better than that from septic 
tanks. The control digestion such that odorous gases are liberated 
from the sludge compartment. properly designed and operated Imhoff 
tank still considered eminently satisfactory for the handling sewage 
solids and the preliminary treatment sewage. 

Although there are many successful Imhoff tank installations, others 
considerable number the aggregate have given disappointment. Perhaps 
the majority cases this failure can traced faulty operation, but often the 
original design has been fault. Too often units for capacities that have 
proved satisfactory, have been applied new designs without proper apprecia- 
tion the loadings, form tanks, and climatic conditions under which the 
first results were obtained. Eddy,* exhaustive comparison four 
Imhoff tanks, two which gave satisfactory results, summarizes reasons for 
differences behavior under twenty-five separate headings. The multiplicity 
these considerations, many which are entirely neglected some and 
accordance with individual bias others, seems explain 
adequately the reason why there are many poor designs. Fortunately, later 
researches have tended minimize some the uncertainties formerly 
existing. 


Soc. E., Transactions, Am. Soc. E., Vol. (1925), 
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Granted adequate design, there are still reasons some cases for search 
for better appliances. The Imhoff tank with its two stories, one above the 
other, deep structure. The for disposal plants low 
ground with high ground-water level. The result heavy construction costs 
for deep tanks. The fact that the sedimentation compartment and the sludge 
compartment Imhoff tank are combined one unit makes impossible 
change the relation between the two. sometimes difficult estimate 
advance the exact flow treated and the sludge quantities cared 
for; indeed, these factors may change their relation after number years 
operation. The tank, however, fixed and cannot altered correspond. 
The temperature the sludge compartment essentially the same that 
the flowing sewage. northern climates the cold winter sewage retards 
digestion greatly. Furthermore, not practical heat the digestion com- 
partment artificially, and gain the resulting benefits. 


The digestion sludge tanks separated from the flowing sewage has 
been successfully accomplished England and Germany. America the 
first notable example large scale was Baltimore, Md. There, following 
unfortunate results with Imhoff tanks, separate sludge digestion was devel- 
oped. The early work did not have the advantages previous large scale 
experience scientific research. Certain unanticipated results were 
obtained. times, sludge that was expected settle came largely the 
surface; and there were other difficulties handling the sludge, lack 
capacity, and odor production. was demonstrated, however, that separate 
digestion was possible and that its costs were reasonable. Under the condi- 


tions and arrangements provided, large unit capacities were found 
necessary. 


most promising step toward better design digestion tanks lies the 
scientific research carried within the past few years. The important work 
done the New Jersey State Sewage Experiment Station Rutgers College, 
New Brunswick, J., Dr. Willem Rudolfs has been checked, many 
respects, parallel studies Harvard University Fair and Baity under 
the Rockefeller Foundation Fellowship. Other experimenters have been 
work elsewhere the United States, well Germany and Russia. 
carefully controlled laboratory experiments, has been possible 
separate the many variable factors that affect digestion and ascribe limiting 
results each factor. should recognized that the course digestion 
the sludge compartment Imhoff tank and separate digestion tank 
essentially the same, that knowledge the surrounding conditions can 
applied with equal force either type structure. The form the works 
may different and this may alter environmental conditions, but the funda- 
mental processes are the same each case. 
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Nature 
Laboratory experiments have demonstrated that the course digestion 
the nature the early products acid, followed the later stages alka- 
line products. The most advantageous digestion occurs within narrow 
range acidity and this best expressed terms the hydrogen-ion con- 
centration, pH-values. Should the pH-value become much less than 7.3, 
acid foaming may occur; and much more, that alkaline nature may 
result. Odors result from either extreme condition. Thus, controlling the 
pH-value within narrow range the desired type digestion—either lique- 
fying gasifying—may secured. 
Measurements gas production have been made, and these, conjunc- 
tion with actual measurements from tanks service, indicate that methane 
gas worth-while quantities can collected. would expected, the 
temperature has large effect the rate digestion. Oxygen was found 
detrimental anaerobic digestion, and aid, perhaps, odor pro- 
duction. 
The essentials for optimum digestion are few number and easy apply. 
The question reaction control tanks adequate design will normally 
take care itself. only necessary ensure that sufficient quantities 
sludge the later stages digestion, when alkaline products are being given 
off, are the tank, counterbalance the acid production freshly added 
solids. This the criterion that should control tank loading. not the 
volume tank space available, but the actual presence definite quantity 
sludge that important. Dr. Rudolfs believes that the addition each 
day fresh solids the extent those already the tank, both the’ 
dry basis, permissible without adversely affecting the optimum conditions 
for digestion, when the temperature about 70° Fahr. The value the 
artificial control the reaction the use lime has been demonstrated 
restoring tanks proper operating conditions. This permits loading beyond 
that indicated. 
The laboratory work based the quantity destructible organic matter 
the solids treated. The danger using uniform per capita allow- 
ances for sludge digestion space has been frequently shown. Such unit 
convenient and has the value time-honored use, but should defined 
such way correspond with sludge the volume and that 
deposited from sewage normal strength under the usual settling tank con- 
ditions. this basis laboratory results showed the digestion capacity 
required for particular case about 0.8 cu. ft. per capita, provided the 
reaction and temperature conditions were controlled, whereas about 2.5 cu. ft. 
per capita would necessary without such control. This ratio about 


Engineers acquainted with Imhoff tanks digestion tanks, operation 
under different conditions, will probably agree that the results shown the 
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laboratory tests through the control digestion are not improbable. com- 
paring such tanks should borne mind that the sludge capacity for 
the Imhoff tank computed that part below the slots, even in. below, 
whereas that sludge digestion tank includes the entire water volume. 
The space for floating sludge Imhoff tank may add but little its 
digesting capacity; but there also space for liquid most digestion tanks 
which must not neglected any computations for required capacities. 

example plant operating under unusually favorable conditions 
with low digestion capacities the original installation Dallas, Tex., 
designed James Fuertes, Am. These Imhoff tanks, begin- 
ning January, 1917, operated satisfactorily loading beyond that for 
which they were designed. The digestion space below the slots was less than 
0.5 cu. ft. per capita determined careful population check, modified 
somewhat the volume suspended solids actually being retained the 
tanks. this loading, however, well-digested sludge was obtained. was 
inodorous and could removed from the drying beds after three four days 
good weather. For comparison with digestion tanks, the total space the 
digestion compartments these tanks (including that for floating sludge) 
was equivalent about 0.9 cu. ft. per capita. should noted that the 
average seasonal temperatures were relatively high and that, addition, 
considerable volume hot water came from artesian supplies. The range 
temperature the tanks not known. The form the sludge wells Dallas 
such that very nearly the entire capacity available for digestion. Each 
well serves but one sedimentation chamber. 

The loading Dallas was much higher than common America, but 
will recalled that the early recommendations Dr. Imhoff, for digestion 
capacities for domestic sewage from separate systems, were not greatly 
excess this quantity. These recommendations were based the operation 
similar plants the Emscher District, Germany. The writer has seen 
number those plants successful operation. 

brief comparison the per capita digestion capacity Dallas with that 
other more northerly locations shown Table This confirms the con- 
clusion that suitable control possible reduce the required digestion 
capacity one-third that otherwise necessary. 

Additional confirmation the conclusions indicated Table fur- 
nished results secured the Joint Disposal Works Plainfield, 
this case separate digestion tanks, constructed handle sludge formerly 
treated Imhoff tanks, are provided with floating covers, gas collection appli- 
ances, and means for artificial heating. John Downes, Superintendent and 
Designer, states that the new tanks have produced good sludge, without odors, 
under conditions operation with continuous loading such that there was 
only about 0.75 cu. ft. digestion space per capita. The temperature range 
was from 65° 70° Fahr. Formerly, unsatisfactory results were obtained 
with this same sewage Imhoff tanks with nominal digestion capacity below 
the slots 1.49 cu. ft. per doubtful this latter case whether 
all this space could used full advantage. 
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AFFECTING 


How far the possibilities digestion control may utilized depends 

large extent the intelligence with which the plant will operated and the 

general policy pursued the construction the works. From theoretical 

standpoint distinctly economical maintain relatively high temperatures 

and control the reaction the contents. The saving interest the 

extra cost larger tanks would pay many times over for the heating and 
lime necessary. 


Sludge capacity, atio, 
cubic feet Dallas, Tex., 
per capita. base. 


Imhoff Tanks (Capacity Slots): 


Dallas, 0.5 1.0 
Requirements, New York and New Jersey State Boards 

North Shore Sanitary District, 3.0 6.0 

Digestion Tanks (Capacity Water Surface): 

Dallas, TeX... 0.9 1.0 


Transactions, Am. Soc. E., Vol. (1925), 486. 
Engineering News-Record, September 18, 1924. 
Loc. 29, 1926. 


has been demonstrated that methane gas worth-while quantities can 
collected from digestion tanks. The heating value this gas probably 
more than enough maintain the desired temperatures. one case where 
proposed return surplus activated sludge the digestion tanks 
estimated that sufficient power can developed for system partial activa- 
tion. More important than these possible economies are satisfactory operating 
conditions and results. good engineering allow certain margin 
capacity assure these ends. Unless the plant operated with intelli- 

gence will difficult realize all the possible advantages. 

arriving the digestion capacity provided the question sludge 
removal must carefully considered. For operation the maximum rating, 
the loading solids should uniform. The removal sludge through- 
out the year distinct advantage the operation the tank itself. This 
rarely possible under the usual climatic conditions. sludge cannot 
removed all times additional capacity must provided the tank, 
elsewhere, tide over these shortcomings. The improvement methods 
sludge handling and sludge drying thus great importance and has direct 
bearing tank design. 

After the required digestion capacity determined, form tank must 
selected that will give this capacity effective space. flat-bottomed 
tank does not adversely affect digestion, but may contain dead pockets (as 
the corners), that will gradually become filled with inert material and thus 
may not considered effective digestion space. The desirability pro- 
viding multiple outlets mechanical means for maintaining the usefulness 
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the entire tank capacity can best determined study the relative 
costs involved. The admission fresh solids tank should controlled 
distribute them fairly evenly throughout the active zone the tank 
and cause their thorough seeding with the older sludge. concentration 
fresh solids isolated points avoided. 

The preponderance evidence seems strongly favor providing 
covers for digestion tanks. One the major reasons suppress odors. 
open tank certain amount oxygen comes contact with the digest- 
ing material and this has been shown retard digestion and tend, anything, 
the odors. the reaction not correct dense scum may form 
which becomes partly dried exposure the air and the source objec- 
tional odors and flies. 


number different types covers have been used proposed. simple 


‘elevated cover somewhat above the surface prevents the spreading odors 


certain extent. usually operated, however, this form admits air the 
tank when sludge drawn, with consequent disadvantage the digestion 
process, and possible formation explosive mixture gas. This type 
not particularly well adapted the collection and utilization the gas pro- 
duced, may permit contamination with air, when sludge liquid 
withdrawn. 

Suppressed covers, keeping the scum submerged, prevent its drying and 
aid its digestion. This form has the disadvantage that, case the tank 
tends foam, resulting conditions are aggravated, the gas and foam must 
pass through constricted outlet smaller than the gas vents Imhoff 
tank. The admission fresh sludge causes equivalent displacement 
liquid which may contain appreciable quantity suspended matter. 
has appeared desirable some cases provide separate compartment 
store this overflow. 

third type, perhaps the most flexible, the floating cover such 
installed the Plainfield works. rises and falls with the admission and 
withdrawal sludge, thus excluding oxygen all times and ensuring that 
the gas uncontaminated. The cover can operated submerge 
such scum formed, should foaming develop the vertical displacement 
the cover provides space for its accommodation. modified design has 
been proposed, much the form the ordinary gas-holder, providing cover 
and also space for storing the gas produced. For practical utilization the 
gas, some such device seems desirable tide over inequalities the rates 
production and use. 

Fresh solids admitted digestion tank undergo reduction volume 
liquefaction and gasification. The digested sludge through its changed 
character much more compact than fresh sludge and increasingly the 
longer allowed stay the tank. The sludge withdrawn always has 
lower water content than that added. This means that, order maintain 
adequate volume old sludge tank, liquid must withdrawn from 
time time. careful selection the point withdrawal possible 
obtain liquid with but little suspended matter, which may returned the 
plant influent without causing much trouble. The quantity this liquid 


ess 
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very small part the total flow; not disposed of, may 
filtered sand bed. 

separate sludge well, connection with digestion tanks, often 
advantage. Surplus liquid can drained from the tanks. The 
solids can settled out floated the surface the use alum, the clear 
liquid pumped the main influent the plant, and the solids returned the 
digestion tanks. Such well also furnishes convenient place for the adjust- 
ment the reaction circulating sludge from the tanks through the sludge 
well, adding the necessary lime this point. When sludge drawn from the 
sedimentation tanks has high water content, the sludge well may used for 
its concentration. This will particularly advantageous during cold weather, 
avoiding the necessity heating excessive volumes cold water. 

The design digestion tanks cannot divorced from that the other 
disposal works, nor from the degree attention that the works will receive 
when built. The rate and character the loading, the length the season 
over which sludge may drawn, and the temperatures that can expected 
are all factors vital importance. probable that the plant will not 
receive careful attention, may advisable add appreciably the 
capacity. nice balance must struck between the benefits secured 
and the costs construction and operation necessary bring them about. 
solution that proper one case, might quite inadequate elsewhere. 


The designs for digestion tanks shown Figs. illustrate the gen- 
eral trends. While number interesting developments are shown, 
attempt has been made indicate all types tanks built proposed. 
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1.—BALTIMORE, MD., TANKS. 


The tanks Baltimore, Md. (Fig. are the largest and, the same 
time, one the first examples separate digestion tanks America. They 
use what might uncontrolled digestion. far known, 
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especial attempt has been made limit temperatures and reactions, sup- 
press surface scums and However, they show conclusively that 
cient capacity provided, well-digested sludge can secured. some 


odor unquestionably present, not serious when the size the plant 
considered. 


Curtain 
Wall 


Cover and Gas Holder 


6 Overtlow 
4 Rollers beatin 
on 5"Chahnels 2 Gas Pipe 


Control Room for 2 Tanks 


The general features the digestion tanks Boonton, J., are shown 
Fig. This plant,* completed 1924 the municipal authorities 
Jersey City, J., from designs Clyde Potts, Am. Soc. E., for the 
protection the water supply works Boonton, has not yet been placed 
operation. The tanks are submerged under operation, that tough mat 
scum will formed. possible, however, operate them with 
lowered water level. Sludge admitted multiple inlets throughout 
their length; meanwhile there will equivalent displacement liquid 
so-called regulation tank, held reserve and having lowered water level. 
Sludge withdrawn through system steep-sided hopper bottoms. 
Provisions are made for collecting gas, which will stored small holder 
near-by, and will burned glass-covered sludge bed, used raise the 
temperature the tanks, should later decided install heating system. 
The tanks are protected earth cover. 

The tanks shown Fig. the so-called Dorr digester, the gas-collector 
type. Others, built without covers and with simple elevated covers, are 
essentially similar that they are plain cylindrical tanks with flat bottom 
and provided with the Dorr digester mechanism. The purpose this con- 
trivance break scum, produce mixing and circulation the 
sludge, and push along the flat bottom the sludge outlet. The Dorr 
Company has supplied the equipment for number such installations now 
operation. 

The digestion tanks Plainfield, (Fig. 4), are thought the 
first America utilize the artificial heating sludge hot-water circula- 
tion and the patented floating cover. The cover, which simple wood 
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construction, rises and falls with the admission withdrawal sludge 
liquid and permits the collection gas the central dome. trouble has 
occurred from scum, odors foaming sludge. Sludge admitted the 
tanks through hose lines inserted any one four inlets the cover, and 
withdrawn through single central pipe. The tanks were built very 
low cost. 


4 Guide Wheels 
in Channels 


Central Control House 
for 4 Tanks 


-——40 ‘Diam. 


8’ Sludge Pipe 


Fic. 6.—SPRINGFIELD, ILL., TANK. 


The design for Lynbrook, Y., Mr. Fuertes, shown Fig. These 
tanks were intended both for primary solids and for surplus activated sludge. 
Provisions are made for heating the sludge, for circulating it, pumping, 
for mixing, and for reaction control. The unusual cover, steel and the 
form gas-holder, store the gas produced for utilization about the 
plant required. 

The design for Springfield, the firm Pearse, Greeley and Hansen 
(Fig. 6), another example attempt provide means for controlling 
digestion and collecting gases. floating steel cover proposed, with special 
means for introducing and distributing the sludge. The elevation these 
tanks, true all the examples cited, not dependent that the 
flow line the outfall sewer, that appreciable economies construction 
costs are possible avoiding deep excavations water-bearing soil. 


Future 


With the development more accurate knowledge the nature anaero- 
bie digestion, this process seems capable being used with more intelligence 
than the past. furnishes economical method for the inoffensive dis- 
posal organic wastes and will undoubtedly have broad application. Informa- 
tion developed the last few years has had marked affect the trend 
design sludge digestion tanks. There is, however, much learned 
the absolute capacities required under different conditions. this end engi- 
neers should continue the generous publication accurate operating data. 
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This Society not responsible for any statement made opinion expressed 
its publications. 


RELATION THE LANDSCAPE ARCHITECT 
THE ALLIED PROFESSIONS ENGAGED 
CITY PLANNING* 


the many allied professions engaged city planning are men who 
devote their lives the law, social betterment, statistics, engineering spe- 
fields, sculpture, the arts, architecture, and landscape 
architecture. Exceedingly important parts are played men the press, 
legislature, finance, business and industry. The speaker will attempt outline 
the relation the Landscape Architect only two these professions— 
Engineering and Architecture. 

Measured the age American cities and the existence these three 
professions the United States, the relationship one the oldest and most 
fruitful which has united any group professional men. tracing, even 
superficially, the history these professions with regard the amazing 
changes which have taken place during century, possible see how the 
ties were formed between men these fields. 

These ties developed with the growth the professions and were not 
imposed agreement. The agreements which subsequently bound the three 
professions together for the convenience the Government during the World 
War were merely applications the methods working together which were 
evolved among the professions during their many years previous relations. 
The architects, the engineers, and the architects took the govern- 
mental harness familiar hitch-up, and sprang the work done 
the familiar way without loss time energy. 

Engineering professional kind this country began with the con- 
struction the first permanent forts, dams, and canals. Later, when rail- 
roads were built, new kinds engineers with special training met these 


discussion this paper will closed March, 1929, 
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needs. Still later, when public water-supply and sewer systems supplanted the 
private pump and cesspool, another type needs brought new types engi- 
neers the fore. The realm the surveyor, millwright, and general engineer, 
was enlarged the newer men began specialize and the old men tried 
hold general practice. When they were urged, surveyors merely ran 
out parallel lines for streeis quite regardless contours future traffic needs. 
That procedure suited public opinion perfectly those days. City planning 
most parts the country was “swallowed up” checkerboards new 
streets, buildings, water pipes, sewers, and rails, which was soon added 
tangle electric wires. 

Architecture the United States began with the very early and excellent 
work well-trained housewrights, carpenters, and masons, who planned and 
built with their own hands, following the best traditions Europe. few 
these men and their immediate successors called themselves architects, but 
that title was not general use 1850. Some these men were aware 
the need for design city plans illustrated the history Washington, 
C., and few other cities which were deliberately laid out with a.considera- 
tion good appearance. whole, however, this profession, like that 
engineering, was preoccupied the urgent local building problems the new 
era and devoted little attention city planning which, those days, would 
have seemed highly academic subject had been brought main 
force for discussion. Landscape architecture this country also began with 
the transplanting the traditions England, France, and Germany. The 
European work Repton, LeNotre, and Puckler-Muskau made impress 
the design small and large estates, few cities, and parks this 
country. 

The first great opportunity the landscape architect city planning 
came about exceedingly unexpected way. equally correct state 
either that the opportunity was given the landscape architect that 
took it. the Fifties, thereabouts, there were few city parks and 
playgrounds American cities. Here and there open spaces existed, 
true, but they were not parks the sense with which that word used to-day 
for the great city populations. They were comprised few large commons, 
training fields, and “greens” and few trivial little parks made for the delight 
fashionable ladies and gentlemen interested flowers and sun-dials. The 
need for parks the sense with which that word used to-day had not made 
itself felt. 

this time when the engineers and the architects were preoccupied 
their new fields usefulness, cry came for real city parks, but the demand 
was not very seriously “taken heart”. one realized, that time, the 
part that parks were destined play town planning. The landscape 
architects undertook handle this new, serious phase old work. These 
men were ready, their ability was known, and their practical knowledge 
the materials their art was evident from previous smaller work. Central 
Park, New York, Y., was conspicuous example one the first and 
largest the city parks which were designed this new era landscape 
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architects. other cities the number large parks attractive design 
increased rapidly meet the needs growing populations. 

This epoch was less than half over when the need for comprehensive systems 
parks rather than for single individual parks gave new impetus the 
activities landscape architects. many cities and metropolitan areas 
the enthusiasm for large well-distributed parks led the creation notable 
well-planned systems distinguished both the beauty their landscapes and 
the extent ground which they embraced. This was city planning 
problem which required practical knowledge topography, materials, popu- 
lations, and the transportation needs that era. Public opinion pretty gen- 
erally chose the landscape architect design these systems of. parks, not merely 
because had succeeded with single parks, but because had attained 
results attractive the eye. had earned the reputation being able 
attain beauty well convenience. Then, now, the American public 
demanded this quality park system. The art arranging such ground 
relation surrounding streets, private properties, schools, public buildings, 
and the topography and the exposure sites, rapidly developed and led 
increase the number landscape architects, the creation local 
professional societies the larger cities, and American Society 
Architects. 

With the popular demand for park systems, the need for connecting park- 
ways followed somewhat unexpectedly about 1890. This was still the era 
horse-drawn vehicles. The relation between the city plan 
pleasure routes, and their relation the sanitary improvement river, stream, 
and pond borders within near cities, was exceedingly intimate. These were 
new problems, and the men whom they were delegated for solution were 
forced into new lines thought and procedure. Without rather full 
understanding the whole plan the city, rational design for these 
pleasure-ways was out the question. Hence, was that these landscape 
architects were among the first group men “size up” city plans they 
existed and adapt them the new demands for recreation and for long- 
distance and continuous routes for pleasure travel. 

The recreation areas and the continuous parkway lines which these early 
architects established American cities are even now the most 
conspicuous features these communities, and they are usually the most 
attractive. Although natural the course events, remarkable that 
the architects who began park designers found themselves 
planning these radical changes the major plans some the largest cities 
and metropolitan districts. With the coming the automobile these great 
parkways were discovered the only convenient long-distance, through 
routes width and good gradient the entire mesh the closely 
built-up streets which had grown mere accretion. 

This amazing chapter the history American city planning could not 
have been realized the work had lacked, during all these decades, the initia- 
tive and backing the many groups professional and business men pre- 
viously mentioned. The work they accomplished reflects the needs and the 
ideals this country rather than the ability single group men. 
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The success each stage the work was vastly aided the co-operative 
spirit the engineers, architects, and the landscape architects. The landscape 
architects needed the help the engineers who made topographical and other 
surveys, estimates earthwork volumes, stabilities, run-offs, capacities, 
strengths, costs, and other data with regard ground, water, and struc- 
tures, and the mechanical execution the work construction. Public con- 
fidence was supported the knowledge that able engineers were called 
help with important engineering matters. 

Public confidence the ultimate beauty the parks and parkways was 
also supported the fact that architects known ability were called 
design the important bridges, field-houses, gateways, and other structures, 
the good appearance which was essential the attractiveness parks. 
far the greater number these men, workers the Fine Arts, were 
conscious the need keeping such structures subordinate the landscapes 
the parks and appropriate design the uses which these new open spaces 
required. The most forward-looking architects realized fully that the loveli- 
ness the parks and parkways was aim itself. 

That strong friendships sprang between engineers, architects, and 
architects under these conditions mutual dependence and aid was 
natural. The best parks the country illustrate the results this practical 
co-operation among men who whole-heartedly pooled diverse training, special 
abilities, and individual talents, toward the attainment single result. 
parks are found which are not attractive not sound from engineering 
point view, the assumption can fairly made that these three professions 
were not able render their full service co-operation toward good general 
plan. 

The present interesting era. To-day, the Engineering Professions 
and the professions the Fine Arts are forced into co-operation meet 
opinion which passes final judgment and pays the bills. Cities must 
made convenient structurally for physical needs, but, they fail 
attractive the eye, public opinion condemns them and proclaims its dis- 
approval the press, popular gibes, and the daily slang whole 
country. Human beings the million continue live cities thus damned, 
but the signs the times can read aright, that not the fate 
the populations the cities the future. The new populations intend 
live attractive cities, else seek attractive towns villages. The day 
fast approaching when great city can more afford ugly than 
great industry can afford place ugly goods the market. 

find place city planning something more needed every one 
than this ability see the relation the parts city the great whole 
and then act accordance with that insight. They must see themselves 
similar perspective single units among the many men who are working 
with this new vision. Without generous co-operation modern city planning 
the work cannot well done. Although has been stated that the great 
names city planning were strong-headed, overbearing personalities who 
domination, the real record these men shows that they were 
geniuses patient co-operation which they contributed first-rate ability. 
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Work waiting these allied professions they are big enough 
“deliver the goods” and they can good-naturedly “take the gaff” involved 
co-operative effort. 

Public opinion, except small cities towns, has become “leery” any 
one man any group single profession who asserts final opinions 
city planning project the structure and appearance which and the relation 
which the amenities, the resources, and the general welfare great 
community involve the work all the professions. This kind 
opinion more enlightened communities shows itself the care with which 
the professions are represented the personnel planning boards, advisory 
councils, and the choice special advisers the fields general engineer- 
ing, sanitation, transportation, finance, landscape architecture, architecture, 
and the other fine arts through special representatives through regularly con- 
stituted art commissions. Washington, C., all these men are working 
together the plan for that city. 

The means for bringing these professions and these controls and aids 
bear great city planning projects make them perfect possible 
still clumsy and unsatisfactory, but the trend public opinion the matter 
clearly manifest. The thorns which lie the path the progress any 
great project which has not been thoroughly studied its relation 
attractive appearance well utility are many, and they are large and 
sharp. They are largest and sharpest the most well-informed communities. 
That fact encouraging sign progress. 

The relation which the landscape architect has borne the engineer and 
the architect city planning has been intimate and creative for nearly 
century. Public opinion supports him still the principle which has been 
the foundation his work from the beginning, that the good appearance 
finished work essential vital Mere mechanical capacity 
accommodate crowds provide exercise give volume and speed 
streams vehicles not enough. Cities—whether old ones transformed for 
new uses, new ones built for to-day—must give delight the eye and 
the spirit. That appears the city planning problem 1928 the solu- 
tion which public opinion turns the landscape architect, the engineer, 
and the architect after three-quarters century experience with them 
with one another and with the other allied professions. 
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ENGINEERING APPLIED NATIONAL PARKS* 


Beginning 1872 with the setting aside the Yellowstone National 
Park “as public park pleasuring ground for the benefit the people”, 
the fundamental principle underlying the National Park System has been the 
preservation scenery—the natural objects and wonders and their reten- 
tion their natural condition. Congress re-affirmed this principle 
creating the National Park Service 1916, that the Service, 
its administration the National parks and monuments, was “to con- 
serve the scenery and the national and historic objects, and the wild life 
therein, and provide for the enjoyment the same such manner and 
such means will leave them unimpaired for the enjoyment future 
generations”. 

order that the people might enjoy the National parks was necessary 
that roads constructed and within them permit access their 
treasure troves. first the roads most parks were haphazard wagon 
roads, existence the time their the conversion 
these old wagon roads into automobile highways, the con- 
struction new roads, that forms one the principal engineering problems 
confronting the National Park Service. This does not mean the establishment 
gridiron roads nor over-development. areas must always 
preserved their wilderness character. 


DEVELOPMENT THE YELLOWSTONE Roap 


Due the foresight and engineering ability the late Gen. 
the Engineer Corps, was placed charge the road work Yellowstone 
Park 1883, the system roads laid out that park now standard 


discussion this paper will closed March, 1929. 


Presented the Joint Meeting the City Planning and Highway Divisions, New York, 
Y., January 19, 1928. 


Director, National Park Service, Dept. the Interior, Washington, 
Act August 25, 1916 535) establishing the National Park Service. 
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for general rational park road development. The main loop road, which subm 
embraces general circuit all the important centers interest the temp 
park, and the connecting gateway roads, are the work General Chittenden. 
This system provides 303 miles roads area 3348 sq. miles. For the 
number years after 1883, Congress annually appropriated $40000 for park 
road work, part which was spent actual construction and the remainder 
the preparation plans and the making surveys. Finally, 1902, until 
Congress adopted definite program road work and appropriated the previ 
sum $250000 per year for three years. 
While the road system laid out General Chittenden still use 
(1928), was not constructed bear the modern vehicular traffic now delay 
sustains. That could continue used automobiles after the opening other 
the park motor traffic 1915 speaks volumes praise for his engi- mates 
neering ability, and indeed engineer was ahead his day and age. 
Many the roads laid out him will continue used after they have 
been widened and surfaced. Only places will changes have made high 
grade and alignment bring them modern standards. doubtful 
whether extensions the present road system regions not now served 
roads will needed. was 
Federal road construction under the Army Engineer Corps was extended duy 
Crater Lake and Mount Rainier National Parks, but then came the 
standstill. When the writer first began, 1915, co-ordinate National 
Park work, was met with decided views park road building the 
Appropriations Committee Congress, the members which did not realize 
the importance adequate highways. One Chairman House Appro- 
priations Committee suggested that 14-ft. dirt roads, with frequent turnouts 
for passing vehicles, would serve park needs amply. was not until 
members the Committee had ridden over the old narrow road from 
Portal, Calif., into Yosemite Valley, that the first appropriations for rebuild- 
ing this road were forthcoming. 
During the fiscal years 1917, 1918, and 1919, total $160000 was 13, 
received for the Portal Road. From this time until 1924 only small annual 
appropriations were available for road construction, scattered the separate pleted 
park appropriations, while outside the parks, the States with Federal Aid 
and the Federal Government the National Forests were building modern 
approach roads. These roads were bringing increasing numbers motorists 
park boundaries, only find poor roads bear the concentrated traffic hig 
from the far superior approach roads. positic 
Under these conditions the road situation was becoming very acute. 
Therefore, 1924, the Park Service presented Congress road program 
for authorization appropriations 500 000 per year over three- 
year period. This bill passed the House and Senate unanimously and became 
law. the first year, however, the National Park Service was permitted 
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submit deficiency appropriation only and even this sum was 
temporarily lost because the defeat the deficiency measure filibuster 
the closing hours the last session that Congress. December, 1924, 
the new Congress passed the deficiency bill with the item for 
park road work and the spring 1925 the first road contracts were let. 
The plans had been prepared 1922, but actual work did not commence 


02, until 1925. Meanwhile, road standards had changed rapidly. States which 
previously had led the Nation road building were beginning rebuild their 
highways accommodate the motor traffic that had been created with the 
use popularization the automobile. perhaps just well that funds were 
delayed, because the park authorities were able profit the mistakes 
ing others. Higher standards were adopted for park roads and previous esti- 
mates were scrapped. 
After short working period, became clear that, for the Park Service 
ave handle its road building properly, would need engineering force 
high caliber. The most competent highway engineers had been developed 
tful the United States Bureau Public Roads and were either its employ 
with State highway organizations. The Bureau Public Roads 
was then busy its Federal Aid and other work, getting into mountain 
road construction comparable conditions found the National parks. 
the interests Federal co-operation and co-ordination and the elimination 
duplication and waste, agreement was made between the Secretaries 
Interior and Agriculture whereby the resources that splendid engi- 
onal neering organization, the Bureau Public Roads, were made available for 
the the carrying out the park road program. 
alize splendid working agreement. Since 1925, the Bureau and the 
Park Service have spent obligated total They have “taken 
outs stock” the problem and know what they have ahead. Preliminary plans 
until based reconnaissances have been prepared and presented the Bureau 
the Budget, and the Appropriations Committee Congress. The program 
uild- calls for ultimate expenditure $50000000, The House Repre- 
sentatives, passing the Interior Department Appropriation Bill January 
was 1928, has made available for the year 1928-29, and the 
appropriations are continued this basis, the road program will com- 
arate pleted ten years. 
Aid program does not involve gridironing the parks with roads. con- 
odern templates the reconstruction and surfacing nearly all old existing roads 
orists the construction only few new ones. Nearly all the parks are located 
traffic high mountainous regions where road construction expensive pro- 
position and where the scenery must conserved and all costs left 
little searred possible. That the job the Bureau and the Park Service 
and that where the trained Landscape Force the Park Service in- 
acute. dispensable. 
ogram 
One important requirement the preservation park landscapes. 
tted 


the lower elevations, rigid standards calling for railroad cuts must give way 
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rolling grades; straight alignments must sacrificed for graceful curves 
where trees other beauty spots should saved (Fig. 
necessity for speedways the parks. Bridges must fit into the landscape. 
Where construction must carried along sheer mountain sides (as Fig. 
the excavated material cannot dumped over scar the whole terrain. 
Contracts must provide for end-hauling where necessary and contractors and 
sub-contractors must watched see that they comply with this provision. 
Rock being blasted from cliff along the old Garden Wall Trail Glacier 
National Park Fig. typical some the difficulties encoun- 
tered. 

The proposed Big Oak Flat Road reconstruction Yosemite, contract 
for the park section which will let early 1929, will specially 
guarded this respect. This road ascends the north wall the Yosemite 
Valley. Permitting the excavated material dumped off the right way 
and crash down the precipitous granite walls would cause scar that 
Nature would require generations efface. this project 
will increase the cost, but spread out over hundred years this will very 
little, and compared the value the magnificent scenery the cost in- 
finitesimal. 

example what possible accomplish along this line can noted 
the work completed Yellowstone Park 1927. Years ago, when funds 
were limited, Army engineers started build cut-off between Madison 
Junction and Old Faithful down the Firehole River. This project located 
through precipitous canyon which affords wonderful views the rushing 
river. The work was partly completed, but the excavated rock was tumbled 
down into the river, making unnatural ragged bank. Ten years later, 
when the final mile was completed park force account, authority was given 
preserve the natural beauty the canyon. dry rock wall was built 
from the river; cut and fill were The contrast between the old 
and the new work shows that the cost $100 000 for construction 
was more than justified. some the famed roads Switzerland, 
this attention detail—to making the road fit into the picture— 
that has helped year after year bring visitors from all parts the world 
enjoy the beauty the Alps. 

Trees must protected, and side-hill cuts-must made with considera- 
tion whether they will become covered with fern, flower, shrub. 
Parapets and rock walls must designed harmonize and yet give feeling 
safety high places. 


Tue Zion Park Roap 


The Zion-Mt. Oarmel Road one the most important the park 
program. links the scenic attractions Southwestern Utah, including 
Zion National Park, Bryce Canyon, and the North Rim the Grand Canyon 
National Park. reduces the distance between Zion and Bryce from 165 miles 
miles and between Zion and the North Rim from 150 miles 130 miles. 
ascends from the floor Zion Canyon the East Rim—a rise elevation 
nearly 4000 distance 8.75 miles. Contracts for Sections 


Fic 


ENGINEERING APPLIED NATIONAL PARKS 


park 
ding 
nyon 
miles 
niles. 
ation 


2677 
ted Fic. RoaD WITH GLACIER NATIONAL 
ing 
Fic, WORK THE TRANS-MOUNTAIN HIGHWAY, GLACIER NATIONAL 


ENGINEERING APPLIED NATIONAL PARKS 


Papers. 
2679 


and 
sect 
that 
tota 
plet 
Nat 
and 
the 
con 
nal 
for 
fro 
the 

the 
Ser 


ENGINEERING APPLIED NATIONAL PARKS 2681 


and this project were let September, 1927, calling for the construction 
5.02 miles, including 582 lin. ft. tunnel excavation. The cost this 
section with additional small contract will estimated 
that the remainder the project (3.65 miles) will cost for the 
total construction, addition, the State Utah constructing 
miles road connecting the east boundary Zion Park with the Town 
Mt. Carmel. expected that the park and State road will com- 
pleted for travel during the summer 1929. 

Another interesting feature park road work found Mesa Verde 
National Park, Colorado, where Navajo Indians constitute the bulk the 
laboring forces. There never any difficulty securing sufficient Navajo 
help, for when they get word that construction job started, they 
drift into the park, build their little “hogans” against near-by cliff, 
and are ready start work when needed. Some these same laborers, after 
the day’s work done, give sections their “Yeibachai”, medicine dance, 
the evening camp fire. 


AUTOMOBILES 


With the construction roads comes the ever-increasing problem that all 
communities to-day are trying solve—the parking automobiles. 
area like Yosemite Valley, this has become one the most im- 
portant immediate problems. Mr. Frederick Law Olmsted recently made 
preliminary study parking conditions Yosemite Valley. result 


principle which ought applied generally the Valley, 
namely: wherever there occasion for the concentrated parking 
considerable number cars, space should, far practicable, provided 
for them, having these conditions: (1) Entirely separate from, and screened 
from, the roads used moving about the valley; (2) arranged that 
parked car will blocked subsequent arrivals; (3) interspersed with 
trees (pre-existing planted for the purpose), protected from injury (by the 
use posts racks other guards close the trunks), that the space and 
the cars will largely covered the foliage and unnoticeable the plung- 
ing views into the valley; and (4) when the limit such parking reached, 
further parking permitted the vicinity.” 


Snow 


Another pressing problem connected with the snow from 
the high mountain passes. Since opening dates for the various parks are 
announced several months ahead, and railroad tickets the parks are sold 
this basis, necessary that roads cleared snow sufficiently 
permit over the high mountain passes before the opening date. 
Rocky Mountain National Park, snow removal difficult task, because the 
Fall River Pass, with elevation 11797 ft. (the highest the National 
Park System), must opened travel June each year, which 
the official opening date. 1927, the miles road east the Pass were 
opened steam shovel with special snow dipper, while miles beyond 
the west side the Pass were opened hand shoveling. 


From unpublished informal memorandum submitted Mr. Olmsted National Park 
Service official. 


thousands dollars each year haulage costs alone. 
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Sylvan Pass, the Yellowstone, also presents difficult snow-removal 
problem. 1927, due the heaviest snowfall years, more than tons 
explosives were used clearing snow from Sylvan and Dunraven Passes, 
the Mount Washburn Loop, and the South Entrance Road. Crater Lake 
also had serious problem, and the last impassable snow the rim road 
was not removed until the middle August, 1927. Sections the 
must rebuilt avoid these heavy drifts snow. 


Dust PREVENTION 


Until the parks roads are rebuilt, there will the problem alleviating 
the intolerable dust nuisance some the existing roads. innovation 
maintenance work Yellowstone Park 1927, was the substitution 
light road oil lay the dust instead water. This was much more 
efficient method, although more costly. The entrance roads and the main 
leop were oiled for distance 126 miles with from gal. per sq. yd. 
Old wooden tank trucks were used haul the oil from the distributor 
and about twenty wooden storage tanks were set and used store the oil. 
The water sprinkling system being dismantled rapidly 
the tanks were eyesore along the road. Four the steel ammunition 
bodies that came with the trucks from World War surplus were covered with 
steel plates and welded and mounted trucks and used haul oil. Nine 
tank trucks and one distributor truck were used during June, July, and part 
August, transporting and spreading approximately 300000 gal. road 
oil. 


SANITATION 


One the outstanding perplexities has been the providing the necessary 
sanitary arrangements and safeguards for the traveling public. the early 
days Park Service history, when there were comparatively few visitors, 
common earth toilets and the burning garbage open pits—after first 
allowing the bears work over attraction the tourist—were found 
sufficient. the more modern days, however, this problem has the 
same phases large cities. Toilet facilities are being gradually changed 
the most modern city systems and garbage being disposed espe- 
cially designed incinerators. conjunction with the garbage there 
are can-mashers reduce the refuse cans small bundles unrecog- 
nizable metal, which are easily disposed such small compact masses. 

The water systems are modern every way. Originating undefiled 
mountain streams and springs, the water safeguarded frequent analyses, 
and every precaution taken keep free from contamination until 
reaches the consumer. the culinary arrangements all 
hotels, camps, and concessions where public food handled and sold are 
made regularly. Grand Canyon National Park, where the water supply 
serious problem, and water has hauled for many miles tank 
cars, system has been perfected which purifies the waste water the extent 
that may safely used over and over for flushing toilets, washing auto- 
mobiles, and for many other purposes. This effects saving 
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Mesa Verde National Park where there live water during the 
summer the Park Service authorities have had resort the development 
the water supply catchment and storage. One unit has been con- 
structed which provides for corrugated, galvanized-iron catchment area, 
acre extent, with two steel frost-proof storage tanks, each with capacity 
125000 gal. The catchment area gathers, means flume, the snow 
and rain falling thereon and conducts them through rapid sand filter 
the steel storage tanks. These steel tanks have not proved entirely satis- 
factory because when warmer weather prevails the water has decided flatness 
taint, possibly due pollen from pinon trees. Funds have been included 
the new Appropriation Bill for the construction second unit, which 
concrete storage tanks will substituted for the steel tanks. for 
this work are now (1928) being drawn. 

All this sanitary work has been accomplished the able assistance and 


splendid co-operation the expert sanitary engineers the United States 
Public Health Service. 


Power, TELEPHONE, AND TELEGRAPH 


many the National Parks there are hydro-electric systems which 
furnish light, power, and heat for administrative purposes within the boun- 
daries. numerous instances where would difficult, not impossible, 
obtain electricity from other sources, the surplus furnished the 
operators the public utilities reasonable rates. Most the parks are 
abundantly supplied with possibilities for development along these lines, and 
local systems supply the needs park are being augmented from time 
time funds become available. These problems are handled individually 
and frequently are difficult solve since neither water-falls nor cascades can 
used, and all installations must made mar the scenery little 
possible. 

order provide adequate long-distance telephone service Yellow- 
stone, the American Telephone and Telegraph Company, using the Hotel 
Company and National Park Service pole lines, strung two-wire, No. 128, 
copper, metallic circuit from Mammoth Hot Springs Old Faithful and 
West Yellowstone, and another circuit from Mammoth Hot Springs 
Yellowstone Lake via the Grand Canyon, and new magneto switchboards 
were placed Mammoth Hot Springs, Old Faithful, the Grand Canyon, and 
Yellowstone Lake. These new copper circuits are built through Helena, 
Mont., and give the park high-class, exclusive service. The new system when 
completed will cost about $150 000. 

the Carlsbad Cave National Monument, New Mexico, there en- 
tirely different electrical lighting problem. This the largest and probably the 
most beautifully decorated cave known the world. The trip through 
the cave requires about five hours and proper lighting paramount im- 
portance. Congress granting funds for this work and members the 


Appropriations Committee who have visited the Caverns have taken great 


interest the problem. They have suggested that Park officials consult with 
some the best known electrical and stage lighting experts, with view 
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developing system that the lights will come slowly until full illumina- 
tion obtained and then gradually die down add the impressiveness 
the scene. 


Great wilderness areas must retained all the parks entered only 
trail. These are for the horseback rider and hiker, well the adminis- 
trative forces game and fire patrol. Trail-building plans must hand 
hand with the road-building program. Some trail construction that not 
equalled anywhere else the world has already been completed. The trail 
across the Grand Canyon, according travelers familiar with all parts 
the world, the best construction found. view Kaibab Trail 
Bridge shown Fig. The lower cable provided support the suspen- 
sion bridge against wind. 


ENGINEERING PROBLEMS 


This paper illustrates some the diverse engineering problems which 
confront the National Park Service. They involve the expert services 
the highway engineer, the landscape engineer, the sanitary engineer, the 
electrical engineer, and the mechanical engineer. point has now been 
reached park development where the same problems are encountered 
town planning. 

great extent, visitors the National Parks are gregarious and desire 


herd together the large public camp grounds, Streets must laid out, 
sanitary conveniences located, water lines installed, and community buildings 
erected, where visitors may gather during inclement weather and the 
evenings. Incidentally, these community buildings have become centers for 
educational work. With the increased crowds comes the necessity for hospital- 
ization. few the parks there are already some hospital facilities and 
these are now being extended into other 


CONCLUSION 


The writer would also like mention wild life preservation, and methods 
combating insect infestations means power sprayers and other 
ways, because park work primarily based preserving the 
natural features these reservations while the time developing them for 
tourist use, engineering along some lines big factor nearly every phase 
the Park Service activities. Park officials could not continue serve the 
public were not for the engineers, 
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MISSISSIPPI RIVER. 


Discussion 


sippi River lying between Arkansas City, Ark., and Greenville, Miss., known 
the Greenville Bends, is, many respects, one the most interesting 
the river.§ this point series five great bends are lying close together 
that miles the river are compressed into rectangle approximately 
miles (see Fig. 57). Two points, miles apart river, are only 
miles apart straight line. Local tradition tells the Indian, who, 
having travel from Greenville Arkansas City, floated down stream miles, 
(that is, pulled his boat) across Leland Neck; floated down stream 
miles; cordelled across Tarpley Neck; floated down stream miles; cor- 
delled across Linwood Neck; floated down stream miles; cordelled across 
Ashbrook Neck; and this process was miles stream from his starting 
point without having row stream all. Instead, had floated down 
stream about miles. 
The Mississippi River Commission estimates the possible range the 
upper end the Greenville Bends 78.1 ft. Considerable revetment, 
well two long spurs built prevent cut-offs, are found this reach. Here, 
the greatest change flow conditions has been caused the construction 
levees, and large percentage the discharge flows across necks during 


extreme high stages the river. The upper section one the wide sections 
Discussion the Symposium Flood Control with Special Reference the Mississi 

River, continued from August, 1928, Proceedings. 
Asst. Engr., Mississippi Levee Board, Greenville, Miss. 
Received the Secretary, May 29, 1928. 

Engineering News-Record, June 28, 1928, 
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and the lower end, Warfield, Miss., one the much discussed “bottle- 
necks” that does not entirely bear out popular ideas. 


SCALE OF MILES 


Fic. 57.—THE GREENVILLE BENDS, MISSISSIPPI RIVER. 


detailed study the this reach would much clarify 
flood control problems. ideal hydraulic laboratory and little more 
complete data bank-full and lower waters would furnish complete study 
the slope problem that must solved get and maintain adequate 
channel. Enough information determine the normal slope essential, but 
even this will little value unless high and low-water channel lengths and 
are made coincident. Then, determination the proper length 
channel lower the high-water levels will possible. must recognized 
that this discussion study using “incidental and the results can 
only accepted such. The maps and other data used, are largely taken 
from published records the Mississippi River Commission and are known 
very accurate; but some vital data are interpolated from known data that 
may not close enough for final conclusions. 

Physical Features—Under low and moderately high-water conditions this 
part the river simple channel, 56.74 miles long, from point just below 
Arkansas City Warfield Point about miles below Greenville. When the 
water level gets above the natural surface the ground the neck sections, 
each neck becomes weir, by-passing varying volumes water the bend 
below. The ends these points are much higher than the neck sections and 
are constantly being built higher with deposit left each extreme high water. 
most, and probably all, these points are small areas land that build 
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almost fast the water rises. With fall less than ft. from 
maximum stage, land begins appear these points. The necks show some 
tendency build up, but owing the depth and velocity the water, the 
rate deposit not nearly rapid. 

The gauge relation between the Arkansas City and Greenville gauges has 
changed materially since 1881. Fig. was constructed plotting the dif- 
ferences gauge readings for waters cresting between and ft. the 
Arkansas City gauge. Two periods were selected, 1882 1887, inclusive, and 
1922 1926, inclusive. The differences are plotted plus quantities, using 
Arkansas City base. The Arkansas City gauge readings have probably 
been changing more than the Greenville readings, there has been less change 
length and flow conditions immediately below Greenville than 
between Arkansas City and Greenville. The curves could drawn eye 
through these points close enough for the purpose and show that for waters 
cresting the low-water channel, and not flowing across points, the Arkansas 
City gauge averaged about ft. higher between 1922 and 1926 than did 
from 1882 1887. This average increase about in. per year for the 
period. Discharge observations are not readily available compare the dis- 
charges over these gauge readings during these periods. Only two stations 


_the river, showing maximum discharge 1927, have been given the 


Mississippi River Commission.* These are Chester, and Carrolton 
(New Orleans), La., both far removed from this reach. This change gauge 
relation not the right direction indicate increased carrying capacity 
the channel and must have some cause the low-water channel because 
the writer has not considered any other water determining the gauge rela- 
tions. Two main causes that could produce this result are: (1) Lengthening 
the channel; and (2) deterioration the discharge capacity the channel. 


Gauge Difference Feet 


Arkansas Gauge Heights 
DIFFERENCE BETWEEN ARKANSAS CITY AND GREENVILLE. 

1881 and 1925, the length the channel differs slightly from that given 

the Commission. very great refinement was attempted, but the dis- 

Special Rept., Mississippi River Comm., November 28, 1927, Special Table No. 
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tances were measured the map nearly along the line the center 
gravities the sections could estimated the eye. The length was 
estimated 48.34 miles 1881 and 56.74 miles 1925. The average 
slope from 1882 1887 was 0.218 ft. the mile, and from 1922 1926, 
was 0.247 ft. the mile. considerable increase slope (in longer 
channel) the fact two these bends are practically com- 
pletely revetted. This indicates that revetment alone cannot depended 


elitio 
Water 


59.—PROFILE ALONG CHANNEL, MISSISSIPPI RIVER. 


flatten slopes and calls for exhaustive study the channel-way. 
inspection the profile, Fig. 59, shows that the channel decidedly deeper 
those bends that have the most revetment; yet, the crossings show tendency 
more shallow now than 1881. This shoaling more noticeable the 
upper crossings and seems have relation revetment. more prob- 
able that the crossings are shoaled during extremely high stages when the 
water by-passing over necks. The lower crossings could cleaned out 
the draw from below the river falls, while the upper crossings, beyond the 
effect this draw, remain shoal. The area between the levees from Ashbrook 
Spur Leland Spur is, sense, reservoir extreme stages with the main 
current following the channel except influenced flow across necks. The 
draw across Leland Neck enough make practically dead water Bachelor 
Bend. The filling and emptying this area create some changes from normal 
channel flow, although this not apparent from the gauge relation the 
higher waters. inspection Fig. shows that, 1922, the average 
depth water flowing across these necks was about ft., and, 1927, about 
ft. The timber and undergrowth serve check the velocity and maintain 
the slope present, Whether this will continue higher stages cannot 
Shoaling the channel the bend also serves balancing 
influence and helps maintain the slope. 
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The break the slope the low waters appears very much changed 
since 1881. that time the upper part this reach had slightly steeper 
grade, while now the lower section the steeper and there decided hump 
the slope through Miller’s Bend which behind Ashbrook Spur and 
affected the by-passing over Linwood and Tarpley Necks. This shown 
Fig. 59. The break the slope Bachelor Bend opposite Leland Point 
shows the presence constricted channel during high stages this point 
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Fic. 60.—SEcTION NECKS, MISSISSIPPI RIVER. 


where miles between levees and also miles above the “bottle-neck” 
per Warfield, where the levees are only 600 ft. apart. extreme stages much 
water passed over Leland Neck that there practically current 
the Bachelor Bend and the constricted channel probably due deposit dropped 
when the water checked. The heavier materials would not carried over 
the the neck and would stay the channel until dropped the diminished cur- 
out rent. also interesting note that the channel silting this 
the “bottle-neck” and that the water lines show that there constriction 
this point either low high water. When the water gets past Leland Neck 
main seems have free outlet. The only explanation for this that the swift 
The current that prevails here during high stages makes for the lack area, 
achelor but this does not explain why the area getting smaller. was known 
normal what stages and under what conditions this deposit took place, some explana- 
the tion could given. 
order determine the changes that have taken place this reach, the 
about Mississippi River Commission maps 1881 and 1925 were reduced scale 
aintain in. the mile for working sheets. the channel 10-ft. contours were 
drawn from soundings given the maps. The zero contour both maps 
lancing the estimated water surface crest ft. Arkansas City passing 

crest 17.7 ft. Greenville, was the gauge relation 1881. 
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must recognized that this discussion study incidental data. The 
maps are known accurate, but this use not contemplated when they 
were made; also, the exact determination this water slope impossible now. 
The data available are thought close and the line within very few 
tenths the actual slope. 

Fig. combination the two working sheets, except that only 20-ft. 
contours are shown the 1925 channel order give better idea the 
under-water channel conditions. The levees 1881 can ignored they 
confined the water ineffectually and could have had little effect channel 
conditions that time. The bank lines 1881 and 1925 are shown the 
estimated water line ft. the Arkansas City gauge and 17.7 ft. the 
Greenville gauge, instead the actual high bank. This for better com- 
parison that part the channel under consideration. Revetment shown 
practically now. The dotted lines show the divisions the channels 
separated for studying the changes which are given more detail Table 
42. Lettered range lines across the necks (see Fig. 57) show the locations 
the compiled cross-sections Fig. 60. The “line direct flow” drawn 
straight line from the channel near the end Ashbrook Spur the 
channel just below Leland Spur. extremely high stages water does not 
flow along this line where crosses the channel; but the shortest dis- 
tance from the inlet the outlet this reservoir and effects the channel flow 
proportion the water by-passing over these necks. profile 
along this line shown Fig. 61. The lines marked “Possible Spur Exten- 
sion” and “Possible Spurs” were drawn such way provide nearly 
uniform width over-bank channel possible and also prevent excess 
by-passing water over the necks. This would make the lengths high- 
water travel very nearly the same the low-water travel and would probably 
cause the channel enlarge and perhaps scour out the shoaled crossings. 
this without reducing the length the channel enough compensate for 
the water that now by-passes over these necks, would probably raise the Arkan- 
sas City gauge greater relative heights compared with the Greenville 
gauge. Assuming that the 1881 channel was natural channel, that length 
might very good guess. possible, though, that might less 
and perhaps cause more lowering the Arkansas City gauge. This 
problem because, when the channel enlarged, the slope may become 
flatter. With the by-passing and channel disturbances that now exist, 
not possible state what the natural slope would even what 
now this reach. From the profiles along the channel this appears 
very flat section the river when, fact, might the reverse. 
There also some doubt what the Arkansas City-Greenville gauge rela- 
tion would with maximum 1927 estimated water confined between 
levees and greatly increasing the flow across these points and further disturb- 
ing the slope. The probability that this break the slope Bachelor 
Bend would accentuated and the fall across Leland Neck would greatly 
increased. The Arkansas City gauge could hardly reduced because just 
below the foot larger reservoir section very similar this, except that the 
Arkansas and White Rivers empty into it. 
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Fig. based the 1925 distances, order bring all possible points 
common and compare changes. The depths water, taken from sound- 
ings, are the greatest each line soundings. crossings, one sounding 
may one side the river and the next sounding the opposite 
side, with regard alignment. This method thought show more 
nearly the actual hydraulic conditions than that following any alignment. 
Revetment indicated well the approximate surface elevations along 
the neck sections immediately below each bend. High-water lines are shown 
nearly possible estimate them from elevations along the levees 
both sides the river. The gauge relation 1881 and 1925 shown dis- 
tributed. This distribution based only one water each instance and 
then adjusted average gauge relations. 


HY 
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Distance Miles 
Fic. PROFILE. 


The Ashbrook Spur was completed after the high water 1916, and seems 
have had some effect the water lines, although not much the gen- 
eral public thinks. The 1916 water shows depression about Mile 450 
(not shown later waters) that probably due the local effect the flow 
across Ashbrook Neck. The Arkansas City-Greenville gauge relation was 
5.65 that crest and 6.03 1922. This small increase could attributed 
the lengthened travel the water going around the spur instead 
across the narrow neck, but lengthening the channel the more reasonable 
cause. During the 1922 high water, rapid currents were very noticeable near 
the outer end Ashbrook Point both the channel and across the point. 
This must have enlarged that channel some extent. Scaling this slope 
Fig. shows have been about 0.17 ft. the mile 1916, 0.33 ft. 

1922, and 0.30 ft. 1927. This closer agreement with anticipated results 

than was hoped for with the data used, and confirms the assumption that 
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the channel was first clogged and then scoured out 1922, restoring the 
normal slope nearer the critical point through enlarged channel. This indi- 
that 0.30 ft. the mile approximately the critical slope for this reach 
the river. Using this basis, the miles river that existed 1881 
will give difference 10.5 ft. the elevation the water these points, 
which corresponds exactly with the gauge relation curve. This was 
channel that was little affected by-passing. The distance now 43.5 miles 
and calculating the theoretical drop the same way gives difference 
13.05 ft. against actual difference 1922 13.86 ft. This indicates that 
flow across points helps little and may detriment. also gives the hydrol- 
ogist something think about when hoping get relief from high 
floods widening the space between the levees. There section the 
river more suitable for by-passing than this part and none where possible 
get much lowering area outside the channel proper. There 
where such short travel over necks can substituted for such long 
channel distances. Shoaling the channel must attributed by-passing. 
Navigation interests will benefited the river improved such way 
that the channel enlarged and the crossings are lowered. Compelling the 
entire discharge follow the channel appears the first step. After 
this, some wide crossings may have narrowed for low stages low dikes 
the channel. this done, the 0.30 ft. the mile may found 
slightly error for the critical slope the more efficient channel. This will 
adjust itself lowering the upper reaches with benefit the discharge 
Table gives detail the changes each section this reach 
between 1881 and 1925. 
Those familiar with the river can advance plausible reasons for any 
the changes indicated. few will attempted where the differences are 
great enough definite any sense. The crossing between Yellow and 
Georgetown Bends shows considerable enlargement (mainly widening near 
the low-water line) which can attributed the effect Ashbrook Spur. 
The Georgetown-Rowdy Bend Crossing seems have lost area, and this might 
due material that came from above and the fact that the force 
water was not enough clean out. Probably Ashbrook Spur too short 
create the current necessary this. Georgetown and Bachelor Bends, 
both almost completely revetted, show deepening and loss total area but 
gain under-water area. This shows the good effect revetment and the 
evil effect allowing water by-pass the channel when the current best 
able carry this material away. The Miller-Spanish Moss shows 
loss area and depth and increase width, probably due island 
growth, aided by-passing. Table the columns showing channel width 
are significant. With two exceptions (Rowdy and Miller’s) the bends show 
decided narrowing and deepening. The loss area mainly between low 
water and ft. the Arkansas City gauge, while the average below the 
low-water line the area shows gain. This indicates that revetment mainly 
effective during low water. little too much expect get this effect 
high water when the force the water expended over the necks. 
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The writer defines critical velocity that which the material forming 
the bed and banks the river the point being moved the force 
the current. This velocity depends somewhat the material and its resist- 
ance against disturbances. Critical slope the slope fall per mile necessary 
create the critical velocity the channel under discussion. The critical 
slope varies with every change channel shape and channel material. The 
discharge channel, its size, and shape, depend the critical slope. the 
slope less than the critical slope, the discharge channel will decrease 
area and build the upper reaches and the slope; more, the channel will 
and restore the critical slope. The channel can scour either wider 
deeper. widens, the critical slope becomes deepens the chan- 
nel, the critical slope flattens. For this reason the river will have regu- 
lated very close margin order ever able tell exactly what results 
will follow these changes. While this being determined the river can 
regulated for all practical purposes and lowered gradually obtain the 
required discharge channel. One problem face when this started will 
keep the sediment motion, and this can probably done shunting 
most into old sections the river that are abandoned, regulating 
this close determination the slope. get channel for the Mississippi 
River large enough carry maximum flood, conditions will have created 


that will set velocities excess the local critical velocities. Adjustment 


length and alignment the simplest method get this condition. The entire 
flow must first concentrated the desired channel properly located 
levees spurs and further undesired bank caving prevented revetment. 
The present concrete revetment used the Third District, Mississippi River 
Commission, has about reached the stage where can depended hold 
almost any bank. 

The Mississippi River has banks the middle reaches that appear almost 
fluid times. The hydraulic adjustments look almost hopeless when chang- 
ing flow conditions create trouble unexpected places; but the concentration 
the flow along the same location for both low and high-water conditions 
will, doubt, remedy this a-great extent. 

The reach described only many the river from Cairo, 
Baton Rouge, La. Beginning miles above Arkansas City wide reach 
about miles long, with average width miles, that even more 
complicated its hydraulics. has the Arkansas and White Rivers emptying 
into the upper end it, and the back-water area these two rivers adds com- 
plications the problem. This area may one the places that cause the 
great range between high and low waters both the White River and Arkansas 
City gauges. However, disposed that, constructing spur about 
miles southward from the Laconia Circle Levee, the back-water levels would 
materially reduced and would give more normal slope the Mississippi 
River from White River, Ark., Arkansas City. 

All these considerations, then, support the following conclusions: 

gauge relations are due primarily changes channel 
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2.—Flow across points, outside the channel proper, has little effect 
slope, unless cut-off imminent; then the slope bend flattened locally, 
thereby hastening channel deterioration and the cut-off. 
across points tends steepen the general slope 

raises the upper gauges checking the water the bend and causing deposit 
which diminishes the channel efficiency. 

4.—Channel elevations can controlled some extent regulating the 
distance tide-water. 


5.—Channel capacity can increased making high and low-water 
channels coincident. 


6.—Cut-offs require several high-water periods develop and are seldom, 
ever, accomplished suddenly. 

study channel changes throughout all the actuai 
cut-off essential. Then, knowledge facts will take the place opinions. 


Woodward and Nagler show that apparently there has been appreciable 
change the flood run-off from the Des Moines and Iowa Rivers, caused 
extensive development affecting one-third more the parts the 
drainage areas considered. The authors conclude that agricultural drainage 
has had negligible effect the magnitude either the total flow the 
maximum discharge the floods the Mississippi River, since less than 
the water-shed has witnessed agricultural drainage operations. 

Agricultural drainage undertakes facilitate the escape storm waters 
from agricultural lands and, consequently, when established large scale 
the possibility suggested that its influence will reflected some modifi- 
cation the regimen stream flow from that existing state Nature. 
The conclusion must accepted, apparently, that particles water falling 
drained area will pass through cycle behavior different from that 
which would have occurred before drainage. The determination inductive 
processes the net effect the modified behavior the resulting stream 
flow seems quite complex. Moreover, the characteristics stream flow with 
respect quantity and occurrence depend numerous factors, and the effect 
change single factor, unless predominating importance, may 
practically obliterated variations the behavior other 
factors. 

one can detect appreciable effect drainage works the flood dis- 
charges the Des Moines and Iowa Rivers, may mean that the effect 
relatively small, comparison with the flood discharges, that obscured 
the variations factors which are active the production floods. 
one could determine what the net effect drainage may lower stages 
where can perhaps more easily detected, might throw some light 
the nature the effect high stages. 

comparison the characteristics stream flow with respect frequency 


Hydr. Engr., Geological Survey, Washington, 
Received the Secretary, September 26, 1928. 
Proceedings, Am. Soc. E., January, 1928, Papers and Discussions, 165. 
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means studying changes the regimen flow given stream artificial 
causes. occurred the writer that such comparison for the Des Moines 
and Iowa Rivers might illuminating this instance. Fig. shows the 
results obtained for Des Moines River Keosauqua and for Iowa River 
Iowa City. The comparison made each case between the 3-year period, 
June, May, 1906, and the 6-year period, October, 1917, September, 
1923. The investigation did not include the Des Moines River Fort Dodge 
and Des Moines, because the records were not continuous through these periods. 
recognized that the periods studied are not long enough show the fre- 
quency distribution with close accuracy, but was thought that they might 
show evidence any outstanding changes. 


|__| DURATION CURVES 
Des Moines River at|Keosauqua, lowa 


Feet per Second 


at 
1903 May 1906 
192 


62. 


Because inaccuracies involved estimates flow times ice cover, 
which, however, generally affect only the lower discharges, attempt made 
define the duration curve below 3000 cu. ft. per sec. for the Des Moines 
River, below 1500 cu. ft. per sec. for the Iowa River. Data are not shown 
for the highest discharges, the time being taken defining the upper 
limit. 

The curves for the lowa River within the limits appear rather 
similar for the two periods. There seems tendency for more frequent 
occurrence lower discharges the later period, 1500 cu. ft. per sec. having 
been exceeded 33% the time the first period and 27% the second. 
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may that the records are not long enough make this difference special 
significance. significant consistent with the deduction that the 
effect drainage reduce effective ground-water storage, thereby taking 
away part the reservoir available for maintaining low-water flow. would, 
course, corollary this that there must corresponding increase 
the higher discharges. However, such increase need not: have affected the 
highest discharges. fact, seems possible that flat country typical 
those where drainage practiced, condition might exist comparable 
that lake. the ground and surface storage the drainage area, like 
the storage the surface the lake, were utiljzed high capacity, the escape 
water from the storage the drained area might determined pre- 
dominating extent physical features largely entirely unaffected drain- 
age works, similar way that the escape from the lake any given stage 
controlled the characteristics the outlet and unaffected artificial 
changes the bed shore the lake distance from the outlet. Under 
the assumed condition, facilitating the escape water from the drained area 
would become proportionally more effective the stage water fell and 
artificial drainage channels became relatively more influential the dis- 
charge water. 

The results for Des Moines River show difference the characteristics 
the occurrence stream flow between the earlier and later periods, which 
great that not easy reconcile with the facts adequate way. 
The data indicate that the mean flow for the latter period materially less 
than that for the former. appears from superficial examination 
cipitation records that there was apparently not sufficient variation between 
the two periods regard this factor explain any material difference. 
This supported the fact that the neighboring drainage area the 
Iowa River there was similar wide difference quantity run-off between 
the same two periods. Examination the data which the estiniates dis- 
charge were based, indicates probability any misinterpretation which 
could adequately account for wide variation. The writer’s experience 
leads him suspect that the apparent difference probably greater than 
would expected unless there had been change some important factor 
entering into the determination run-off. However, unable reconcile 
satisfactorily the extent and character the apparent change regimen 
with any probable effect agricultural drainage. 

Although failure explain this difference may seem make its consider- 
ation little value this discussion, presented possibly having some 
bearing the validity conclusions based the comparison these records 
and with the hope that the authors will state from the standpoint their 
intimate knowledge what they believe the correct explanation the matter. 


are often major items flood control. ever, locality given 
adequate protection against floods until after catastrophe has occurred with 
damages greatly exceeding the cost suitable flood-control works. The City 


Associate Engr., Engr. Office, Baltimore, Md. 
Received the Secretary, September 27, 1928. 


pers. 
ficial 
the 
riod, 
nber, 
lodge 
riods. 
fre- 
night 


2698 LANE MISSISSIPPI RIVER FLOOD CONTROL 


New Orleans, La., extreme case this condition. spite the 
frequently repeated example the need adequate protection years past, 
culminating the damage several million dollars resulting from the arti- 
ficial crevasse Caernarvan during the 1927 flood, the danger from flood 
great as, greater, New Orleans than any city which the writer 
has knowledge. Such obvious condition has not escaped the attention 
some the local engineers, but frank statement the situation frowned 
upon those who fear that may frighten away business, increase the 
apprehension the citizens. 

Some the protection work has been excellently done. with 50-ft. 
crown, river slopes, and land side slopes inspire confidence. 
Even though the free-board slight, there ample opportunity for emergency 
topping which will hold stages higher than the poorer levees stream. How- 
ever, chain stronger than its weakest link, and this same main river 
levee are sections larger than the old Mississippi River Commission stand- 
ard, which the 1927 flood demonstrated inadequate even for the protec- 
tion agricultural land. 

The greatest danger New Orleans the recent flood was not these main 
river levees, however, but its second line defense. stream from the 
city extends one the weakest stretches levee along the entire river. 
breach there might flank the main river levees and flood large part the 
city. guard against this contingency, protection levee was built from the 
main river line Lake Pontchartrain, connecting with the lake levees there. 
This little more than camouflage, however, for with section about 
4-ft. crown, and side slopes, with many street and railway openings 
closed with temporary bulkheads piling sand-bags, utterly inade- 
quate protection city 400000 population against flood month 
more duration. large part, perhaps the major part, the necessity 
for the crevasse arose from the weakness this levee, which 
one dared trust. 

The construction the Bonnet Carre Spillway, which will doubt 
finished one the first steps the Mississippi flood-control project, will 
greatly reduce the hazard New Orleans from Mississippi River floods, but 
has beneficial effect what perhaps greater danger; that is, hurricane 
floods from Lake Pontchartrain. This lake lies north the city and has 
area 600 sq. miles. connected the Gulf Mexico two large 
passes. With the rapid growth now progress, the city will soon occupy 
all the land between the lake and the Mississippi River. Much this area 
less than ft. above Gulf level, some being below mean tide. pro- 
tect the city against rises the level this lake levee, much which 
not more than ft. high, extends along the shore. Through this levee, leading 
into the heart the city, are several the banks which are only 
ft. high. There are gates other protection works where the canals 
pass through the levee. 

The Gulf coast subject, not infrequent intervals, high tides due 
West Indian hurricanes, which sometimes raise the levels ft., more, above 
the ordinary levels. New Orleans has been especially fortunate thus far hav- 
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ing escaped disaster from these storms. 1915, the center such storm 
passed nearly over the city, but just enough the proper side that the wind 
blew from the city toward the lake, pushing back the water from the city. 
the other side the storm center, where the wind blew from the lake toward the 
land, great damage occurred. the main double-track line the Illinois 
Central Railroad the rails were lifted bodily from fill high the levee 
protecting New Orleans, and were thrown over into swamp. 

The situation New Orleans quite similar to, but even worse than, that 
the towns along Lake Okeechobee, which were badly damaged the 
storm that passed over Florida October, 1927, and which suffered ter- 
ribly the storm September, 1928. greatly hoped that the engi- 
neers who realize the situation will able secure support for adequate 
protection before “the horse stolen”. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE VIRGINIAN RAILWAY ELECTRIFICATION 


Discussion* 


Grorce Am. Soc. (by discussion confined 
chiefly comments electrical and power matters. None has been made 
the purely civil engineering details design methods followed con- 
struction and application the peculiarly electrical devices the railway 
right way. The writer hoped have had suggestions from engineers who have 
the care the physical plant railways the effect the presence strue- 
tures and appliances upon clearances and operating procedure. evident 
that the presence, everywhere, over along the tracks conductors designed 
secure continuous physical contact device the locomotive means 
invariable location (within narrow limits) these conductors with respect 
the tracks and adequate supporting structures alongside. All these restric- 
tions raise important and difficult problems accommodation between right 
way and electrical construction and important that they should 
adjusted the best possible manner between the interested parties ordér 
produce economy first cost and maintenance. 

The paper, presented Society which has not been especially interested 
electrical devices, was intended primarily stimulate interest and inquiry 
into method railway traction which becoming increasingly important 
and which is, therefore, matter concern engineers having with 
the design care every department railway. The writer hopes that, 
spite the absence comment from members engaged maintenance-of- 
way work, the paper will found helpful them and will assist the further 


development details best suited the physical conditions and limitations 
railway location. 


While the contact devices electric traction system impose obstructions 
the permanent way railway, electric operation permits steeper grades 
than are allowable with steam haulage, especially the case motor-car pas- 
trains which can concentrated almost unlimited motive power. 


Discussion the paper George Gibbs, Am. Soc. E., continued from August, 
1928, Proceedings. 
Author’s closure. 


Cons. Engr.; Chf. Engr., Elec. Traction, R.; Cons. Engr., R., New York, 
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Similarly, trains hauled locomotives can grouped for multiple control 


from one point when necessary furnish increased tractive effort; 
the case steam traction the dual control two locomotives open objec- 
tion, well known. ele 
Mr. Hogan* has raised interesting questions connection 
with heavy electric traction systems and methods. Some these are rather 
outside the scope the paper, but may answered briefly. 
interested the “system” controversy. This not the place enter 
into discussion the relative merits different electric systems, for the 
reason that the paper was intended cover only the considerations and con- 
ditions which led the adoption certain system best adapted for the the 
Virginian Railway. takes exception the remark that the “alternating- fou 
current system the nearest approach far general The writer 

made this statement only connection with brief explanation the trend con 
systems, beginning with appliances for light comparatively pro 
short-distance haulage and leading those required for the heaviest charac- par 
ter trunk-line work over long distances. The distinction was made order wer 
show the reason for using high voltages the transmission and the current- par 
collecting devices the trains for the latter services. 
Some systems are limited respect the working voltage, and are, there- part 
fore, most suitable for light short-distance work; but the alternating-current ably 
system, being flexible regards working voltage, adaptable for any character pap 
traction. The word, “general”, used the writer, has reference the larg 
extent present usage systems, which really factor little significance 
determining system for particular case. Many the installations 
cited Mr. Hogan can considered only examples the progressive pres 
steps followed the development and application heavy electric traction. larg 
necessary take into account both the dates which they were installed and 
the local railway conditions surrounding each. matters now stand, there 
one system exclusive use, and this should be. Developments take 
should allowed continue along different lines and different systems and 

before being tied down standardization one, which would preclude appli 
further useful advances the art. 

This point has been well brought out the discussion submitted State 

Japiot,t who one the French railway officials responsible for the the 

selection system for the French railways. man broad railway does 
experience, keen student electric traction, has traveled much the certa 

United States, and unusually familiar with what has been done here powe 

well elsewhere electric traction. recognizes that European railway 
are quite different from those America and may require different and 
methods for their solution. brings out the important point, moreover, 

that the need for standardization one system not great America may, 

European countries, stating that, 

Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1581. 


Loc. cit., April, 1928, Papers and Discussions, 1297. 
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“With the unrestricted liberty still the American field, engi- 
neers the United States have the opportunity give each individual problem 
the most favorable solution. standardization must always com- 


promise between the advantages and drawbacks the different systems 
electrification for several various problems.” 


goes say that “if any compromise had made early date 
(which does not seem probable), the single-phase overhead line might 
adopted successfully America.” The writer not arguing that question 
now, and merely wishes state that the reasons favor the system which 
was adopted the Virginian Railway were controlling for that case. Further- 
more, can safely stated that one connected either with the design 
the installation its successful operation that particular railway, has 
found any reason regret the decisions made. 

Mr. Hogan* refers some length the considerations which led the 
construction independent power plant the Railway Company. The 
problem power supply for the road was most carefully studied for the 
particular situation and character load. All outside local sources power 
were examined and was found that existing power company that 
particular field was willing submit proposition which could considered. 

These definite facts, therefore, should dispose the question for this 
particular case, and stating this there intention reflecting unfavor- 
ably commercial power supply general particular. stated the 
“doubtless, there field for commercial power companies, especially 
large networks, the supply power for heavy railway traction, 

example, the Pennsylvania Railroad Company has recently closed 
contract satisfactory terms with independent power company for its 
present and future single-phase power requirements, which contemplate very 
large energy demands for extensive electrification plan. This power com- 

pany, the Philadelphia Electric Company, has large generating capacity from 
number plants, both steam and hydro-electric, tied together great 
distributing network lines. was favorable position 
take railway load, which contemplates electrification both freight 
and passenger services with high daily load factor. None these conditions 
applies the case the Virginian Railway. 

Further, Mr. Hogan objectst the statement that “in the Eastern United 
States available water powers are few, and such exist are not generally near 
the consumer, and are often not dependable capacity.” thinks that this 
does not apply the entire Eastern United States. This may true for 
certain locations the East and for near-by and, whole, rather limited 
power demands. However, the point that the extension electric traction 
generally should not predicated the availability energy, 
and not necessary that should. Water often said “free gift 
Nature”, but electric energy produced from far from being “free” and 
may, fact, very expensive the point received. Doubtless railway elec- 
trification will grow extent reason its advantages and 
certain cases, over steam haulage. from these viewpoints that should 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1581. 
Loc. cit., January, 1928, Papers and 16. 
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examined. Fuel-burning, however, produce electric energy must, the 
nature things, depended for the majority these enterprises. 

Mr. Hogan asks number questions* relating details the electrical 
apparatus the Viriginian Railway installation. refers the capacity 
the generator sets, stated continuous, single-phase rating; 
the capacity this generator would greater, course, loaded three- 
phase. The turbine, however, built suit the load. Therefore, state 
the case more accurately, the output were three-phase the generator would 
smaller and the power plant otherwise would the same. 

the type motor used, Mr. Hogan asks whether the single-phase 
motor can constructed meet the requirements this service. This 
best answered stating that the Pennsylvania Railroad (where similar 
service grades and heavy trains and starting conditions will obtain 
the Pittsburgh Division when electrified) the straight single-phase type 
motor has been adopted, built, and tested, and the conclusion that will 
satisfactorily meet such service conditions. 

There has been difficulty experienced the distribution load between 
the driving-wheels that are coupled the different jack-shafts the Virginian 
locomotive units. course, there are times when one motor will slip its 
coupled wheels and the other coupled unit will not, but there difficulty 
practical way starting and hauling trains that account. 

the necessity using the rheostats the handling trains, other 
than during acceleration periods this is, point fact, not necessity and 
very small practical factor anyway. Occasionally, engineman may 
cut the rheostat descending light grades when wishes operate more 
than miles per hour (the normal speed being miles per hour descending 
grades). such case, using resistance, the motors will operate above 
synchronism, and speed miles per hour can secured. Under 
these conditions almost energy returned the line, either miles 
per hour the higher speeds. 

The question also asked how much the two-speed characteristic 
the locomotive influences the system load curve. does affect some 
extent, but the difference not controlling its effect the general char- 
acter the load curve the power plant capacity. Other considerations, 
such definitely limiting maximum running speeds safe figure 
handling these very heavy trains over the division the desired time, are 

more importance. unsafe, this many other matters, general- 
ize from incidental factor establishing desirable over-all solution for 
particular case. the normal pressure maintained between the trolley 
wire and the collecting device the locomotive, each pantograph carries two 
shoes in. wide having centers in. apart; the pressure each shoe against 
the wire set lb. Answers other questions submitted Mr. Hogan 
will found Mr. Hill’s the paper. 

Mr. speaks the great desirability “regeneration” moving 
down heavy grades, and refers—aside from energy savings secured thereby— 
the difficulties attending the use air-brakes these heavy trains such 


Loc. cit., April, 1928, Papers and Discussions, 1304. 
Loc. cit., 1295. 
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times. also mentions that when the issue between the question power 
demand and train movement, the latter the important one, inasmuch 
“transportation the purpose the railway”. this true and well 
expressed. the paper, the writer mentions that the regenerated energy 
the Virginian was found more than the total used operate the 
road. The latest figures, covering months’ operation, show that the actual 
value was 9.1%, taken from the watt-hour meters the locomotives. This 
obviously important amount energy saved, but does not express all the 
advantages secured “electric braking”. Safe and smooth control the 
000-ton train the 12-mile Kellysville Hill (1.4% average grade) has been 
found most important result. 

Mr. Ray* refers interesting way the experience his road, the 
Delaware, Lackawanna, and Western, handling heavy freight trains 
steam certain steep descending grade miles long, where necessary 
restrict movement speed miles per hour. This requires thirty- 
five brake applications and releases during the descent. contrast this 
complicated operation, Sasser, Superintendent Motive Power the 
Virginian Railway, that, under electric operation his railway, 
brakes are only regularly applied once during the 131-mile run from Elmore 
Roanoke (the entire electrified division). also states that 100% increased 
life has been secured from brake-shoes over that previously obtained under 


steam operation, and that slide-flat wheels are rare occurrence. naturally 
follows that the car whole receives reduced wear and tear over the divi- 
sion, and that train delays, accidents, and derailments account defective 
brakes are rare. prominent Western railway official, recent inspection 
the Virginian installation, has commented the remarkably smooth 
handling these electrically operated trains over undulating division and 
the absence surges and jars starting and while motion. Also, the 
absence jar stopping, due being unnecessary apply the automatic 
brakes, noted; final stop made with the straight air-brake the engine 
tic only. 
Mr. refers contributing cause smooth operation from 
ar- constant-speed characteristics the locomotives. riding the trains 
ns, cannot fail impressed with this result. 
Mr. Semenza§ interested knowing the relative weight and cost 
different types electric locomotives. This is, the writer’s 


opinion, really question for determination future time. The effort 
the Virginian was adopt initially locomotive tried capabilities and 
construction. Other reasons for the locomotive design adopted are 
the paper. Refinements type, details, and weight reduction will 
naturally follow further experience here and elsewhere. would seem that 
engineers have been more interested than those America develop- 
ing locomotive designs secure maximum weight efficiency. the writer’s 
some European locomotives show undeniable complication and par- 
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ing down weights parts extent which would inadmissible under 
American railway conditions. 

Mr. Ofverholm* comments certain differences between Swedish and 
American practice the design the distribution systems electric rail- 
ways and the provisions adopted prevent disturbances near-by tele- 
phone and telegraph wires. The information gives interesting, but 
unsafe conclude from the particular the general for the preferred solu- 
tion complicated cases. Swedish electrifications are quite extensive and 
have been planned conduct, which some 
heavy compared with general European practice, but always light com- 
pared with American practice. They are especially very light compared 
with the train loads dealt with the Virginian Railway electrification. The 
treatment adopted foreign engineers, therefore, for details can hardly 
expected, all cases, fit with American ideas and the radically different 
traffic conditions here. 

Mr. Budd* undoubtedly correct stating that “on most the railway 
mileage the country traffic density not great enough pay 
return the cost electrification sufficient make the investment attrac- 
refers the constant improvement made the efficiency the 
modern steam locomotive, both capacity and economy, which makes 
difficult show the same advantages for electric locomotive operation over 
steam was the case some years ago. This true statement and emphasizes 
the importance making thorough investigation all factors governing 
proposed use electric instead steam operation applied the particular 
hand and the danger drawing the conclusion that electric trac- 
tion has been found advantageous one location would equally 
another. analysis the individual problem, therefore, should always 
made beforehand and competent authorities railway operation generally 
and the special technical features connected with the two methods 
operation. The Virginian Railway was confronted with the necessity very 
extensive physical rehabilitation its property order successfully conduct 
its rapidly increasing business, and became question whether would 
better secure the increased capacity continuation steam haulage 
with expensive additions the main tracks, get the best obtainable road 


caref 


befor 


static 
mere 

piston 
when 
out 
the 


capacity from steam locomotives; or, the other hand, make its present 


single main track adequate for long time using electric locomotives 


unlimited capacity greater running speed. Electing the latter, 
the Company obtained form motive power which insured maximum 
hauling capabilities and sufficient for present needs. still has the possibility 
obtaining, when needed, additional road capacity double-tracking: 

Mr. Budd’s questions regarding the type electric locomotive used are 
answered elsewhere. The Virginian not tied down any one particular 
type. the future should found advantageous use another, can 
done without any way changing the main and expensive features the 
electrification, namely, the power plant, the transmission lines, and the dis- 
tribution system over the tracks. 
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HYDROSTATIC UPLIFT PERVIOUS SOILS 

Discussion* 

the Am. Soc. (by letter).t—The author, after 

careful experimentation, prolonged study, and weighing evidence, has placed 

before the Engineering Profession the data problem which has ample 

reason believe embodies correct interpretation the facts. Still, con- 

sidering the weight evidence the earlier experiments,§ the author prob- 

ular ably hesitated long and re-weighed the evidence with great care before reach- 

Mr. Parsons that his research was made “to determine the hydro- 

static uplift the base structure, founded pervious soil, when there 

rally loss head due velocity flow”. This static head, acting 

mere weight without motion. There was some replacement water when 

very pistons were actuated the apparatus used Mr. Parsons. The pressure, 

when applied the water above the sand, must necessarily build through- 

vould out the whole body the sand, not only the depth the piston end, but 

ulage the bottom the chamber, before actuating the piston. 
road The soil particles bed pervious material must have appreciable size, 
resent otherwise the material will impervious. Mr. Parsons refines the matter 
ves minutely when that the resultant pressure particle soil 
latter, contact with the base structure upward. This so, especially when 
the contact but point, since could not much more than point. 
Rather than any considerable part the base structure being contact 

with the pervious soil particles, would seem more likely contact with 

are 
ticular 
Discussion the paper deB. Parsons, Am. Soc. E., continued from 

the Hydr. Engr., Pearse, Greeley Hansen, Chicago, 
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The writer’s interest the problem hydrostatic uplift relates dams, 
and more particularly earth dams where there flow the soil and 
hydraulic gradient. 

all hydraulic experiments with soils, the presence air disturbing 
factor affecting flow. Air also present the ground under dams and, 
course, affects seepage rates there. instance recalled where air escaping 
upward through the water from isolated mound original ground, kept 
ice from forming just above the core pool earth dam during cold 
winter. 


indebted the author for giving the results such thorough experimen- 
tation subject which great importance, but which little 
known. The application the experiments not confined dams, because, 
judging from the number cases which have come the writer’s attention 
buried tanks, cisterns, and even septic tanks being lifted from their posi- 
tions upward pressure the water acting through the surrounding soil, 
the costly accidents resulting from neglect this pressure must legion. 

For many years the writer has been interested the effect upward 
pressure dams porous foundations. Some information was available 
the unit pressure beneath dams, but the writer could find only one attempt 
determine the area which the pressure acted.t The writer did not regard 
these experiments sufficiently conclusive, and, therefore, made few his 
own. The method used was very similar that used Mr. Parsons his 
low-head tests. The bottom large vessel (Fig. 1§) was filled with sand. 
conical depression, the size smaller vessel, was scraped the sand and 
filled with paraffin, which had been heated just above melting temperature, 
order that would make contact with the sand similar concrete poured 
gravel base, without running deeply into the voids. The depression was 
made conical prevent the entraining air beneath the smaller vessel. While 
the paraffin was still liquid, smaller vessel with vertical sides was set into 
it, and the paraffin allowed harden contact with the inner vessel. This 
vessel was then filled with water nearly the top, and water was added slowly 
the outer vessel until the inner one floated. 

The results were not developed quantitatively, since the height water 
the outer vessel (with respect the inner one) which was necessary lift the 
inner vessel, was very little more than that necessary float the inner 
one after being lifted free from the sand. was evident, therefore, that the 
pressure through the sand acted practically the entire area the base 
the inner vessel. The slight difference height the two cases might easily 
due friction breaking the contact the paraffin and the sand adhering 
and the main body sand. This difference also includes the discrep- 
ancy, any, due time element the transmission pressure through 
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the sand the water was poured into the outer vessel. the writer were 
repeat the experiments, would adopt Mr. Parsons’ method, and siphon 
the water from the inner vessel, instead adding the outer one, the 
former method eliminates all question regarding possible time transmis- 
sion pressure through the sand. error from this source could 
not have have been appreciable, since both and the friction breaking 
contact with the bottom are included the very slight amount the inner 
vessel was lifted when the contact with the sand bed was broken. 
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Discussion* 


SIT 


Am. Soo. paper has covered the require- 
ments the suburban transit situation the New York Region very com- 
prehensively few words. The author has presented conclusions which 


are obviously based careful study. general, they are supported the 


survey existing conditions and past and probable future needs which 
has been made the Staff the Committee Regional Plan New York 
and Its Environs. The speaker believes that the proposed routes developed 
the Regional Plan will also fit with such program Mr. Stuart has 
presented. 

addition various local transit facilities, the supplied with 
series rapid transit lines now confined almost entirely New York City, the 
suburban rapid transit system provided the railroads serve the so-called 
“commuter”, and the trunk-line railroad system. The functions and facilities 
these three types transportation overlap considerable extent, but 
laying down program for future possible discuss them 
separate systems. 

the commuter now served almost entirely the railroads, 
obvious that the commuter problem must necessarily solved 
with the railroad companies and through the co-operation those companies 
and the public agencies representing the people who are use the lines 

The railroads have built large network passenger facilities the 
Region. (See Fig. 3.) The commuter service over these lines served 
twelve principal terminals. these, only two—the Grand Central Terminal 
and the Pennsylvania Station—are located the Borough Manhattan, and 
commuters are discouraged from using the latter because much 
higher commutation fare than can obtained via the Hudson and Manhattan 


Discussion the paper Francis Lee Stuart, Am. Soc. continued from 
November, 1928, Proceedings. 
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Company Tunnels. The Borough The Bronx has two terminals, and Queens, 
‘Brooklyn, and Richmond each have one, although the commuter traffic the 
Long Island City Terminal Queens only fraction what was before 
the Long Island Railroad System was carried under the East River the 
Pennsylvania Station. The other five terminals are located the New Jersey 
shore the Hudson River. All the metropolitan passenger terminals are 
shown large dots Fig. only rail connection between the New 
Jersey and New York sides the river supplied the Pennsylvania Rail- 
road Tunnels. 

How these lines serve the existing passenger movement? generally 
known that the present passenger movement within the New York Region 
concentrated the Borough Manhattan. This movement totaled 1924 
about persons entering Manhattan during the twenty-four hours 
typical business day. analysis the means transportation used 
these individuals will show the part which the railroads played providing 
the necessary service. Fig. shows the geographical distribution this pas- 
senger movement well the means transportation used under the fol- 
lowing four classifications: Rapid transit; surface cars; railroads; and total 
those ferries and vehicular and pedestrian bridges. Many these per- 
sons used two more types facilities completing their journey; they 
are classified this study only under that type which they gained access 
Manhattan. 

indicated that the number ferry passengers from New Jersey was 
about ten times the number entering railroad, which was limited those 
who used the Pennsylvania Station. The number that entered from New 
Jersey the Hudson and Manhattan Company Lines, which have been classi- 
fied rapid transit facility, was about times great those who entered 
railroad. The passengers entering from the north and east included 
large intra-city movement. The figures for those sectors, therefore, not 
show clearly the transportation problem the commuter, but they show 
that only small percentage the passengers from those directions entered 
Manhattan via railroad lines. 

future picture passenger movement has been prepared estimating 
the probable interchange movement between estimated areas 500 000 popula- 
tion. This shows continued concentration Manhattan, but much greater 
movement around that Borough and increased inter-communication between 
other parts the Region. Most the passenger movement with length 
haul more than miles must taken care suburban rapid 


transit system. 


Short-haul travel the central areas must served primarily the rapid 
transit system, which outside this discussion. The speaker believes, how- 
ever, that some way must found bridging the State boundary line down 
the center the Hudson River sufficiently extend the present rapid transit 
system New York City serve the communities along the western 
shore the Hudson River between Bayonne and Englewood, The sepa- 
rate parts proper suburban transit system should available for most 
the local rapid transit demands within Metropolitan New Jersey. 
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That part the present passenger movement that carried the rail- 
roads approximately proportional the passenger train movement over 
the existing lines. traffic flow diagram (Fig. prepared this basis 
1924 shows very clearly the railroad lines which the heavy suburban 
traffic. Most this seen from points within thirty miles 
New York City Hall. Those railroads which carry great preponderance 
commuter traffic show very large increase passenger train service the 
lines approach the central congested This particularly noticeable 


the lines the Long Island Railroad. 


RAPID TRANSIT SURFACE CARS 
9.3% 


564,500 259% 


FERRIES 
RAILROADS VEHICLES 
PEDESTRIANS 
21.6% 


174,100 80% 


4.—MEANS TRANSPORTATION USED PERSONS ENTERING MANHATTAN DURING 
TYPICAL BUSINESS DAy 1924. 


Traffic the central part the Region has been shown reduced scale 
separate diagram (Fig. 6). This shows the relative importance, from 
traffic viewpoint, the various terminals already mentioned. number 
trains the Pennsylvania Station, with 604 trains daily, was far the lead. 
(The total traffic this terminal the sum the trains shown Fig. 
entering over the Long Island Railroad and those entering over the Pennsyl- 
vania Railroad.) Next came the Grand Central Terminal with 492 trains, 
while the Flatbush Avenue Station the Long Island Railroad ranked third, 
with 459 trains daily. 

Defining the commuters passengers who traveled lower fare than 
that charged for single trip, and excluding the passengers the Staten 
Island Rapid Transit Railroad, which operates entirely within New York City, 
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about 160 800 000 were carried and from New York Metropolitan Terminals 
1924. This type traffic had doubled years, against 13-year period 
within which the total railroad passenger traffic and from such terminals 
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RAILROAD PASSENGER SERVICE 
SHOWING GRAPHICALLY 
NUMBER OF PASSENGER TRAINS IN 24 HOURS 


COMPUTED FROM SUMMER SCHEDULES AND INCLUDING 
LOCAL AND EXPRESS TRAINS BOTH DIRECTIONS 
10 OR LESS TRAINS PER DAY INDICATED THUS © 


1924 


SCALE IN MILES TRAINS PER DAY 

LEGEND: STATE BOUNDARIES —--—--—--— 
COUNTY BOUNDARIES —-—-—-—-— 


had doubled. This increase commuter traffic represented average annual 
gains 7.5% over 10-year period, the great increases having been the 
Long Island Railroad, where there was average annual gain 14.2 per cent. 
corresponding figure for commuter traffic from the north showed average 
annual gain from New Jersey the gain was 5.0 per cent. 

This traffic was influenced considerable extent the type service 
provided, which reflected the fares charged and the running schedules. 
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These have been shown map form drawing “contours” through points 
equal fare with the same time schedule and from New York City ter- 
minals. Fig. rates are computed from the monthly commutation fares 
dividing the total yearly charge 600, based one-way rides each 
month. The shaded area that served the New York City Rapid Transit 
System. Fig. time computed averaging the commuting time 
morning and evening trains. Twenty minutes are added the time and 
from the Harlem River Station the New York, Westchester, and Boston 
Railroad. 


© Little Falls 


RAILROAD PASSENGER SERVICE 


SHOWING GRAPHICALLY THE 


NUMBER PASSENGER TRAINS HOURS 
COMPUTED FROM SUMMER SCHEDULES AND INCLUDING 
LOCAL AND EXPRESS TRAINS BOTH DIRECTIONS 


SCALE IN MILES TRAINS PER DAY 
LESS TRAINS PER DAY ARE SHOWN THUS 


both cases appeared that, within miles New York City 
Hall, the necessity crossing the Hudson River reach points along the 
westerly shore has added considerable item both commuter fare and time 
travel above that required for points east the Hudson River and equal 
distances from Southern Manhattan. The additional fare was about cents 
single trip, and the additional time was about min. points farther 
from the center the Region this differential tends disappear. The fare 
“contours” are quite regular, but show reduction rates where competing 
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lines serve the same territories. The fares shown Fig. for the New York, 
New Haven and Hartford Railroad were those existence before the increases 
rates allowed that Company August, 1925. The time “contours” are 
much more irregular, largely due the express service provided certain 
points. With comprehensive suburban rapid transit scheme serving the 
areas within miles the center New York, the commuting fares 
and times, for communities therein which are equi-distant from the center, 
should approximately the same. 

important question answered laying out comprehensive 
suburban transit system is: “How can the maximum use made existing 


facilities providing adequate service for the future The 
primary needs are two: 


(1) New distributing lines the central congested areas. These should 


traverse not only the Borough Manhattan, but also the adjacent areas 
New Jersey, The Bronx, Brooklyn, and Queens. 


(2) single operating system under some type unified control serve 
the entire suburban rapid transit area. Only this way can intensive 
use all facilities and two-way rush-hour traffic over the expensive lines 
the central area assured. 

The complete suburban rapid transit plan included the Regional 
Plan proposals does not call for much new construction. intended that 
most could developed on, alongside, over, under existing railroad 
rights way. The first step would the construction certain new joint 
distributing lines the central areas largely corresponding with the sugges- 
tions made Mr. Stuart. This includes interstate loop passing through 
Southern Manhattan and the easterly part Hudson County, New Jersey. 
This loop connected the north with the various divisions the New York 
Central and New York, New Haven and Hartford Railroads, and the east 
with the Long Island Railroad System. extension the New York, West- 
chester and Boston Railroad from the southerly terminus The Bronx and 
across the northerly part Manhattan also included. This could con- 
nected later with additional north and south route the west side 
Manhattan. will seen that there nothing original the various 
elements this plan, which co-ordination proposals already put for- 
ward other agencies who have studied this problem. 

great advantage the proposed layout would the great flexibility 
operation that would permit. would enable trains from any one the 
suburban sectors routed through Manhattan any other suburban sector. 
would also make possible, desired, loop operation from single sector 
through the central business areas and back the same sector. 

The ultimate plan would expand this system serve all those communities 
within what considered the suburban rapid transit area. includes two 
additional north and south lines Manhattan take care future growth, 
and rapid transit route connecting the Borough Richmond via 
Bayonne and Jersey City, with the central distributing system. Most the 
other routes the system simply indicate that part the existing railroad 
system over unified control commuter service should furnished. 
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PROPOSED FORMULA FOR COLUMNS 


Discussion* 


and Epwarp 


Henry Am. Soc. (by letter).t—The writer has 
checked the development Equations (8),§ and (18),§ and 
Equation (18), which believes new, valuable contribution the 
theory columns and good guide whereby, conjunction with experiments, 
experience, and common sense, develop and check simple formulas for 
columns. The author states that the development Equation (8) not 
strictly rigid that certain numerical function the denominator which 
(depending conditions) varies between 9.6 and 9.8696, has been taken 
9.87. shows, the proportional numerical error any case, compared 
with rigid theory, very small. must considerably less than and 
probably seldom ever much greater than the case the author the 


column with 100.§ 


the risk being thought hypercritical, the writer would point out that 
9.84 used wherever the author has used 9.87 the development Equa- 
tion (18), will cause even smaller departure from theoretical accuracy. 

For special case, the author has developed his much simpler Equa- 
tion (19).** obtain second but one that highly satisfac- 
tory because simple, wholly arithmetical, and uses different method 
requiring none the care and clear thought necessary following compli- 


cated analysis, the writer omitted the factor safety Equation (19), thereby 
Discussion the paper Hickerson, Am. Soc. E., continued from 

October, 1928, Proceedings. 

Analytical Engr., Am. Bridge Co., Pittsburgh, Pa. 

Received the Secretary, August 17, 1928. 

Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1438. 

Loc. cit., 1439. 

Loc. cit., 1440. 

Loc. cit., 1442. 


2722 PRICHARD PROPOSED FORMULA FOR COLUMNS Papers. 


using instead determined the value took from, 
some deduced from, the author’s data the numerical value each 


l 
symbol for given case which 50; substituted these values Equa- 


tions (8) and (10); and found that For similar case which 


rational formula which limits the maximum unit load, for column with 
pivoted ends and unintentional sinusoidal bend, follows: 


which, the unintentional eccentricity the center and the greatest 


300: 
207 260 000 
Equation (36) were applied the paper with factor safety 24, 
deflection instead stress would become the critical consideration for 
columns with pivoted ends (approximately). course, the judg- 
ment engineers the amount bend liable occur and the amount 
deflection tolerated will differ somewhat but probably not very much. 
Where column lies horizontal position has deflection from its own 
weight which should also considered limiting account critical 
actual practice rounded pivoted ends are seldom ever used, but 
(except for the effect friction) pin ends are about the equivalent pivoted 
ends. 
tests full-sized columns, which the loads are quiescent and applied 
gradually and without shock vibration, friction, when the eccentricity 
small, restrains the ends that pin-ended columns stand much higher test 
loads than pivot-ended ones, albeit the restraint may only maintained 
small margin which could easily overcome lively load and would 
certainly overcome any considerable eccentricity.t practice 
best not place reliance restraint exerted friction pin-ended 
columns. The 
Loc. cit., 1264. 
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Framed structures which each member receives its entire load from pin 

each end from some equivalent arrangement are very few. For instance, 
nearly all “pin bridges” only part the members are completely pin- 
connected. the great majority structural frames all the members are 
rigidly connected that each member subjected its ends the bending 
moments the forces from other members acting it. This causes secondary 
stresses each member addition the direct stress indicated the 
“stress 

Prior the Twentieth Century, secondary stresses due the rigidity 
joints generally received scant attention. Some the early texts did not 
even mention the subject* and others dismissed with the statement that the 
angular change caused this source stress small that may 
practice, the effect such secondary stresses was generally 
neglected. 

However, with the heavy loads and large structures frequently encountered 
modern practice, the secondary stresses from rigidity joints, indicated 
the theory elastic flexure, are occasionally found great 
cause grave concern. far pertinent the subject outlined 
Professor Hickerson, the writer would like call attention commendable 
paper Professor Cecil Napier 

Every structure under the specified loading has, should have, margin 
safety. judging the maximum load structure would actually 
stand case emergency, the status the maximum with reference the 
critical load one the points which should considered. 

The analyses the author, Professor Ross, and the writer, are based 
perfect elasticity. There are probably limits within which commercial 
steel bodies are perfectly elastic before they have been subjected cycles 
stress, but such cycles seemingly perfect elasticity can developed good 
quality structural steel members without serious defects, such flimsy details, 
within fairly wide limits the expense more less permanent set, accord- 
ing conditions. the writer’s judgment, what these limits will for any 
case can determined fairly well scientifically conducted specimen tests.§ 

Within the “Useful Limit Point,” “(U. the permanent set 
steel good quality which acquired perfecting the elasticity not 
prohibitive, although sometimes considerable, and does not seriously impair 

The author’s Equation (18) requires the eccentricity application 
the same each end and the same side the axis, but otherwise 


entirely general. 


considering for simplicity that constant, making 


See, for insfance, Stresses Framed Structures,” Jay Bois, 1896. 

“Modern Framed Johnson, and others, 1896, 165. 

The Institution Engrs., Australia, Paper No. Vol. VIII (1927), see, also, Engi- 
neering News, 1909, 205; and Transactions, Am. Soc. Vol. (192 
1420. Important citations from the original paper are given Ross’ discussion 
(see 2729). 

Transactions, Am. Soc. E., Vol. (1926), pp. 1217, 1220, and 1236. 
Loc. cit., Vol. LXXXIII 1618. 
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fairly reasonable assumptions the extremes accidental eccentricity 
the ends and curvature axis between the ends, assuming that 
lb. per sq. in., and then applying factor safety 24, the author derived 
Equation (19) which applicable with precision particular set 
cases. Equation (19) complicated and burdensome devised Equation 


tion (19). The author proposes Equation (21) for determining the value 
mild steel columns (with pivoted ends their equivalent) and states 
that 36000 Ib. per sq. in. the yield the material. 

For columns similar the small ones cited the author* tested 
Tetmajer and for nickel steel, silicon steel, chrome steel, high carbon steel, 
and certain other special steels, the assumption 36000 per sq. in. 
which his factor depends, not too high, but for steel not special 
(which constitutes the great bulk the product the mills) the factor 
would seldom realized, shown Tables 16, 17, 18, 19, and 20, the 
Final Report the Special Committee Steel Columns and There 
are great differences the actual factor safety short columns pro- 
portioned any the formulas ordinary use or, fact, any formula 
which gives the same value for for the steel that can furnished under 
any one the various specifications for structural steel. illustrate this 
point Table has been prepared. 

There are number facts which well remember when con- 
sidering the subject columns and column formulas. These may listed 
follows: 


(a). The strength steel varies greatly, even when nominally the same 
grade. 


(b) The condition that crushing resistance steel means failure 


the fact that crushing resistance does safety 


(c) The condition that means failure whether the steel high 
low alloyed with nickel, silicon, chrome. The value 
000 about right for all these steels and this expression not 


even matter for consideration, as. herein limited the extreme 


elastic stiffness only. 

(d) Local whether from poor design, lack stiffness, bad defects 
material, other cause, may result failure poorly proportioned 
column even. where, well-proportioned column, failure would take 
place. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1444. 
Transactions, Am. Soc. E., Vol. LXXXIII (1919-20), pp. 
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(e) The condition, elastic limit, does not necessarily mean failure, 
especially plastic deformation the column obtains relief from excessive 
stress. For instance, reason secondary stresses, the end 
column and near its extreme fibers, greater than the elastic limit, the 
resulting plastic deformation and subsequent recovery will permanently 
reduce the extreme magnitude the secondary stresses, provided does not 
fail from local weakness and, further, provided the proportion which the live 
load stress the total not too great. When the greatest stress near the 
middle the column, the relief from secondary stresses afforded plastic 
deformation and subsequent permanent set countered the acquirement 
permanent deflection which detrimental; the detriment may very 
slight, may very great, depending the amount permanent deflec- 
tion acquired and the stiffness limberness the column. 


TABLE COLUMNS H-SECTIONS AND ONE WEB 


AND FouR ANGLES, WITH 50. 


(Results are pounds per square inch.) 


SPECIMEN 


Tables.t 


Section. 


Average 
Average U P..o Ulti ; Useful 


| 


Useful 000 000 

500 000 500 

Useful 100 000 

300 000 000 

600 000 000 


Comp. from Final Report Special Committee Steel Columns and Struts, Trans- 
actions, Am. Soc. Vol. LXXXIII (1919-20), 1583. 


Loc. cit., pp. 1619, 1622, and 1629. 

Mill specimen tests. 

(f) the stress exceeds the and the live load stress oft 
repeated, the range stress between live load and off may sufficient 
cause failure from fatigue, instead the acquirement raised field 
seemingly perfect elasticity. Under somewhat greater range, failure from 
fatigue may occur under reversed stress oft repeated. 

(g) Load, stress, and stiffness, under the conditions which obtain when the 
column designed, are not the only important points: The liability 
unusual loading emergencies, increase future normal loading, and 


deterioration material from rust from over-straining are also important 
considerations. 
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(by generally admitted that the secant 
formula, although theoretically correct for eccentrically loaded column, 
inconvenient for practical application. Not only this true, but now 
recognized that the effects initial curvature, although similar, are not 
identical with those due eccentricity loading. Professor Hickerson 
takes both causes weakness into account, and his assumptiont that the 
final shape the bent column parabola, instead sine curve, replaces 
the secant algebraic expression. This assumption would appear 
perfectly legitimate; fact, William Cain, Am. Soc. E., has stated,§ 


that this assumption gives closer approximation for small values 


than obtained expanding the secant and neglecting higher powers than 
the second. 

The author shows that his equation gives very similar results indeed 
equation the which was based the assumption that the 
initial curvature parabolic. The advantage the latter assumption 
that the deflections due the initial curvature and eccentricity are functions 

writer showed, however, that provided the factor safety (Euler’s 
crippling load for the column), was not less than and the majority 
columns used bridges and buildings much greater than this—the 
secant could replaced straight-line law; that is, using Professor 
Hickerson’s symbols, Equation may written, 


the same angle, that is, sec but involves the secant. The 


and for practical purposes, 


considers that this not only legitimate, but one the simplest 
methods dealing with the problem. Even were accidentally increased 


there undue increase the stress. With direction-fixed ends, the 


curves are still more nearly straight 
However, for the many who prefer formula which holds over the com- 


plete range that Professor Hickerson has the advantage rational 


Clark Standfield, London, England. 

Received the Secretary, August 29, 1928. 

Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1436. 
Transactions, Am. Soc. E., Vol. XLV (1901), 435. 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1438. 
See, Lond, 1921, and Fig. 

Loc. cit., and Equation (94). 
Loc. cit., Fig. 15. 
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basis, and its simplified form easy apply. one might per- 
mitted break theoretical Jance with him, exception might taken 
the treatment fixed-ended columns, that fixed-ended column cannot 
eccentrically loaded except the sense that direction-fixing implies 
negative eccentricity. admitted, however, that the “free-length” method 


very common one, and discreetly applied serious practical error 
results. 


Ross,* (by his the author states 
that, 


“The proposed formula has two distinct advantages compared with the 
so-called secant formula: (1) directly solvable, whereas the secant 
formula can solved only trial and error; and (2) more rational, 


since the secant formula assumes the effects initial curvature and eccen- 
tricity loading identical.” 


With regard Advantage (1), the secant formula can solved directly 
substituting approximation for the secant and solving the resulting 


quadratic equation for with the following result: 


which, This approximation correct 0.5 per cent. 


How- 


ever, the solution the secant formula trial and error quicker than 
this, and also very much quicker than the solution Equation given 
the author. 

With regard Advantage (2), Equation (18) more rational than the 
secant formula provided the end eccentricity loading, and the initial deflec- 
tion due the bent shape the column are known, but far the ordinary 
column concerned, these quantities only can guessed. The writer, there- 


fore, prefers the secant formula which assumes all the eccentricity the 
ends the column, simple and more convenient use. 


applying Equation (18), the author assumes that and that 


The Varies greatly with different columns, the limiting values for 


average columns being from about 1.25 2.25. Therefore, according Equa- 


tion (18), and are not constant functions the depth and the length the 
columns. 


Lecturer Civ. Eng., Univ. Queensland, Brisbane, Queensland, Australia. 
Received the Secretary, October 1928. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1446. 
Approximation given 294 the “Strength Materials,” John Case, Lond., 
Edward Arnold Co. 


Proceedings, Am, E., May, 1928, Papers and Discussions, 1440. 
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Suppose 1.75 and that the depth the column the plane 
bending, then, 
re] 
and, 
0.0015 
A . 857 l 
0.000857 1166 
that is, the total eccentricity ratio for had 
been taken, different result would have been obtained, and yet seems 
reasonable assume that varies with and that varies with 
paper entitled “Column the writer has given the value 
v0 
slenderness ratio 500 could hardly detected the eye, and, therefore, 
probable that many columns practice are crooked this, but 
probably none worse. 
Using the secant formula with total eccentricity different 
ratios for the writer obtained curves vs. which are close approxima- 
tions straight lines, and many the straight-line formulas general use.t 
One curve, called the “Stability Curve”, the form: 
which gives one-half the Euler stress. The stress given this curve used 
when lower than that given the secant formula; the column then has 
factor safety two against buckling. equa 


curve for nickel steel based these studiest will show that the ad- 
vantage high grade steel over ordinary structural steel becomes rapidly 


less beyond 110, and ceases altogether 


The author also mentions§ certain ideal end conditions given text- 
books, and points out that practical column “is either perfectly ‘direction- 
free’ perfectly ‘direction-fixed’ 


The writer considers all cases, matter what the end conditions, eccen- 
trically loaded hinged-end columns, which the eccentricity such that 
equal the fixing moment couple which acting the end the 
Transactions, Institution Engrs., Australia, Vol. IV, 1923. 
The diagrams are given Tables and III, and the curves Plate “Column 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1446. 
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column. This makes necessary consider columns with any end eccentrici- 
ties whatever, which the secant formula only the particular case 
equal eccentricities the same sign. explain this statement the writer 


repeats part previous paper this subject.* The following notation 
will used: 


? 
radius gyration the cross-section. 
Pp A 
and eccentricities loading, the same plane, the two ends 
column, which the greater. They will have the 
same sign when the same direction from the axis 
the column, and opposite signs when opposite directions 
from the axis. 
and distances the extreme fibers from the neutral axis. 
distances from the two ends the point maximum deflec- 
tion deflected column. 
the maximum ordinate deflected column. 
and couples acting the two ends column. 
the fraction that the secondary stress the primary 
38) stress, that is, secondary stress 
the ratio, becomes smaller, will also become smaller until becomes 
has 
equal e,, when the bent column will shown Fig. 8(a) and 8(b). 
ad- 
text- 
tion- 
f the 


The Institution Engrs., Australia, Vol. VIII (1927), 
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Equation (39) gives the ratio, for given ratio, which 


This will called the critical ratio. 

the critical ratio the maximum moment the end the column and 

When less than the critical ratio, the maximum ordinate (h) the 


full cosine curve outside the length the given column, and the maximum 
moment the end the column and equal 


TABLE 

0.000 0.497 
0.75 0.058 0.598 
0.50 0.111 —0.80 
0.25 0.176 —0.90 0.733 
0.00 0.250 0.808 

—0.25 1.00 1.000 

—0.50 0.444 

Therefore when equal less than the critical ratio, the column 


deflection, within the length the actual column, less than the end 
eccentricity, and the column can designed for combined bending and direct 
stress without using any column formula. Critical ratios, caleulated Equa- 
tion (39), are given Table 


Jun. Am. Soc. (by letter).t—The column formulas 
general use seem have been adopted primarily account their sim- 
plicity and the fact that they fit, with some accuracy, the results meager 
tests. 

The writer believes that formula the secant type would give the best 
results since takes into account the eccentricity and shape the column. 


The secant formula, Equation cannot solved directly, since occurs 


both sides the equation and different powers. 

form for the secant formula which quite simple and one that 
retains remarkable degree all the desired features, has been suggested§ 
Hunley, Engineer Bridges and Structures the Cleveland, Cin- 
cinnati, Chicago and St. Louis Railway Company. 


Mr. Hunley computed for sixteen columns with different shapes 


and make-up the author’s Equation (27), using the trial and error method. 


Asst. Engr., St. Ry., Cincinnati, Ohio. 
Received the Secretary, October 1928. 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1446. 


Simplified Column Formula the Secant Type’’, Proceedings, Am. Ry. Eng. 
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The eccentricity used that suggested Mr. Salmon,* that is, for 


the assumed total eccentricity the sum these, 0.00233 0.05625 
distance, inches, between the centers gravity all the elements 
the column section either side the vertical axis. 


Values and were computed for each each axis, 


and curves showing values and sec were drawn for values 


300 for each column. 


was found that the term the secant formula, sec near 


ect 
eee e eee eee eee 
The formula then develops into the following type: 
ger 
pest 
mn. 
For varying values the value quite uniform for the sixteen different 
columns and mean value 0.00233 0.1 can assumed for This avoids 
Cin- The value, between and 60, has marked effect the value 
and strange that this factor has been ignored the present-day 
thod column formulas. The value, approaches 1.0 minimum. cylindrical 
TNO 
cross-section the nearest approach the ideal, the ordinary sections 
varies from 1.15 for the most economical 2.50 for the least economical. 
Eng. 


“Columns,” Salmon, Lond., 1921, 42. 


2732 BLOIS PROPOSED FORMULA FOR COLUMNS 


has generally been assumed that, the column section were such that the 

radius gyration were the same about either axis, column given length 

would have the same strength about either axis, but the application the 

secant formula shows that this not true, unless the value the same 


about both axes. 
The variation between 1.50 and 2.50 affects the value much 


and continue use some formula based the value only, merely for the 
sake “simplicity”, “ease application” seems inexcusable. Equation 


(18)* the author uses the ratio, term, corresponding the 


used the secant formula. However, the simplified form (Equation (19)f), 


columns regardless the ratio. Thus, the author’s formula contains only the 


variable, and, the opinion, but little improvement over 


the usual column formulas. 
The formula suggested Mr. Hunley has three desirable features, namely, 


that (1) easy apply; (2) contains the factor, and (3) the con- 


stant, such that the formula follows the secant formula remarkably close 
slenderness ratio 200. The constant, will vary with the 
assumed, the allowable stress, and the assumed end conditions. 

Considering column with pivoted ends: When 20000 lb. per in. 


Using probable minimum value 0.00133 Equation (43) 
becomes, 
000 


From the derivation the formula, seen that does not vary directly 
that is, the value when assumed lb. per sq. in., not 
times the value when assumed 000 lb. per sq. in. This evi- 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1440. 
Loc. cit., 1442. 

Loc. cit., 1436. 

Loc. cit., pp. 
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Equation (18), and the secant formula, with the result that the increase 
less than the proportional increase for corresponding slenderness 
ratios. 

Thus, the tension members structure were designed for certain 
loading and unit stress 16000 per sq. in., they would all become 
stressed per sq. in. the load were increased times; while, the 
compression member were designed for the same load and Equation (19) 
Equation (21),* the usual column formulas, and the load were then 
increased times, the unit stress the compression members would exceed 
900 per sq. in. considerably. 

other words, while tension members structure may have factor 
safety 24, using Equation (18) example, the compression members 
will have factor safety that considerably less. have structure, 
which would stressed uniformly per sq. in. all its members 
under increased load, for the compression members, designers should start 
with formula which has value 36000. Then, desired use 
designing stress per sq. in., the values obtained are divided 
23. While the elastic limit column material may 000 per sq. in., 
the useful limit railroad bridge work Ib. per sq. in.; that is, when 
that limit reached under increased loading, the structure usually con- 
sidered ready for renewal. the paper Mr. Hunley, previously mentioned, 
the values were computed for the sixteen columns about their limiting 


axis, using the secant formula (Equation assuming 26000 per 
sq. in. and 0.00233 0.05625 


The modified secant formula was found 


basic designing stress 20000 were selected, the designing formula 
would be: 
000 
400 


Formula (46) will produce slightly heavier sections than Formula (48), 
but, with increase 30% over the designing load, the structure will 
uniformly stressed 26000 lb. per sq. in. under Formula (46), while under 
Formula the compression members would stressed 26000 per 
sq. in. before the tension members reached that limit. 


Epwarp Goprrey,|| Am. Soc. (by author’s first 
attack the column question is, the writer’s opinion, the truly rational 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1444. 
Loc. cit., 1446. 


Simplified Column Formula the Secant Hunley, Proceedings, 
Am. Ry. Eng. Assoc., Vol. (1928), 1194, Equation (5). 

Loc. cit., 1194, Equation (6). 

Structural Engr., Pittsburgh, Pa. 

Received the Secretary, October 1928. 
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method reaching solution this problem. rational sense 
being logical and also the sense being mathematically sound. How- 
ever, the writer would not follow him beyond Equation (18).* course this 
equation cumbersome and totally unsuited for practical use, but for the 
reason that contains the practical elements that gauge the strength make 
for the weakness commercial steelwork, gives reliable values for the 
strength ordinary structural work. use Equation (18) for the purpose 
deriving practical column formula requires some simplification that can 
readily applied and can considered appropriate wide range 
structural columns. 

Professor Hickerson has assumed eccentricity column two types: 
One application the load off the center line the column; the other 
initial bow. With both these eccentricities relatively small, makes 
little difference whether the whole eccentricity the bow whether 
divided between the bow and the off-center application the load. One 
angle the problem find assumed eccentricity application the 
load that will about what might expected practice. eccentricity 
this kind that does not complicate the equation can used, will help 
finding formula suitable for use designing. 

inspection steelwork certain tolerances are allowed. Absolute 
straightness, for instance, not commercially attainable. variation from 
straight line not much more than one-quarter considered com- 
mercially straight. Anything less than this can scarcely seen without 
laying line the piece, and greater bow usually not difficult detect. 
then one-third assumed, order allow for small eccentricity 
the application the load, the value could substituted for 
Equation (18). 

Another substitution that would simplify this equation and make 
general application use function place the value, the 
distance the extreme fiber the cross-section. built section, about 
and substituting this for Equation (18) reduces such form that 
locus the curve allowed unit stresses can plotted merely supplying 
extreme fiber stress, (It noted that Professor Hickerson uses 
the smaller value The larger value would give the higher unit stress, 
and is, therefore, the critical value. almost exactly times r.) 

The equation still too cumbersome use practice, but the locus 
remarkable one. This illustrated Fig. for per sq. in. 
The locus coincides with that the commonly used formula, 000 
slenderness ratio 120. Then curves toward the Euler load. 
This should be, for agreement with tests well theory. 

Objection often made straight-line formula because has 
application slender columns, but every one who uses the straight-line 
formula understands this This objection, therefore, can have 


Proceedings, Soc. 1928, Papers and Discussions, 1440. 
Loc, cit., 1442. 
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force. Slender columns should designed formula the order the 
Euler formula. 


Simplified 


000-70 


Allowed Unit Stress Thousand Pounds per Square Inch 
co 


20 40 60 80 100 120 140 180 18 
Slenderness 


The straight-line formula shown the foregoing have rational 
basis that other column formula for shorter columns possesses. Limiting 
its application structurally permissible columns, the straight-line locus 
results from absolutely rigid mathematical analysis column action with 
but one simple and eminently logical assumption, namely, original bow 
the length the column. 

The writer has emphasized this the past* and has derived formula 
giving this identical locus. Therefore, spite all the which 
mathematicians have heaped the straight-line formula, the one mathe- 
matically correct formula for structurally permissible columns. 


Railroad Age Gazette, July 1909; see, also, “Steel Designing,” Edward Godfrey, 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE STIFFNESS SUSPENSION 


BRIDGES 


(by solution the problem presented 
Professor Timoshenko§ universal significance and can applied not 
only when the moment inertia the stiffening truss constant within the 
entire span, but also when variable. 


The author’s Equation (4)|| may also written the form: 


which, the bending moment due the action the external load 
the truss. This formula equally effective when the value variable. 

Suppose, for example, that J,, the moment inertia the truss the 
ends, less than the moment inertia the center. This quite 
rational assumption the truss not continuous through the towers. 


The 
value may found the equation: 


and 


Equation (25) imposes definite and, many cases, admissible 
restriction the manner which the moment inertia, shall vary, but 


considered only for specific case. The method calculation that follows 
equally applicable for the general case: 


Discussion the paper Timoshenko, continued from October, 1928, 
Proceedings. 


Prof., Kief Polytechnic High School, Kief, Union Socialistic Soviet Republics. 
the Secretary, September 12, 1928. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1464. 
Loc. cit., 1466. 
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Expanding the right side Equation (24) into the series Fourier: 
which, 
2 
0 
The integral, may presented the form series, follows: 


Substituting Equation (24), the values found Equations (27) and (29), 
and changing signs: 


sin 


determine the coefficients, a,, multiply both sides Equation (30) 


sin (in which, n), and integrate between the limits and 


then, 


Substituting Equation Equation (31) and transposing the terms: 
+i. 1) K (35) 


and, 


Then, Equation (33) becomes: 


1 


als 
for 
the 
des 
som 
give 
ing 
spec 
tion 
ficien 


STEUERMANN THE STIFFNESS SUSPENSION BRIDGES 2739 
Equation (29) restricted definite number terms, that is, 
y-terms, enough express the value accurately, Equation (37) will 
also include the same definite number terms, such that 

Solving Equation (37) within these definite limits will express 

for use determining the value and the same equation can used 
the present case. The remainder the solution follows exactly the method 
described the author for trusses constant section. 

The solution Equation (37) simplified due the fact that may 
separated into two independent parts, one containing the term, for even values 
and the other for odd values This made evident the fact that 
Nin when even and odd, vice versa. 

the value determined Equation (26), the integrals, 


0 


(in which, and 2,3, ... would appear Equation (33). many 
possible solve them exactly, but generally they can determined easily 
some approximate method. 

The theory herein presented may applied the numerical example 
given the except that the moment inertia diminishes, accord- 
ing Equation (25), one-half the given value the support. 

First, compute the coefficients, b,. the given case will easier 
use, not Equation (28), but the known equation: 


which, the bending moment the truss and the 


this 


into trigonometric series and integrating twice (see Equa- 
tion (88)): 


Then, from (36) 


The author has demonstrated that, order determine will suf- 
ficient restrict the expansion Equation (29) four terms that 
Equation (37), the value almost evident from the mechanical 


Proceedings, Am. Soc. 
Loc. cit., 1467. 


May, 1928, Papers and Discussions, 1473. 
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that the deflection curve can represented the form four 
sinusoids. Using the data suggested the author,* Equation (37) becomes: 


32.81 


100 143 


From this point the solution not difficult and, therefore, does not need 
presented. Its application the particular case presented the 
follows: the value from Equation (34), the values 
Equation (41) can easily found terms, making the proper sub- 
stitutions and solving simultaneous equations. The results are: 

order make the remaining calculations shorter, best introduce 

the quantities: 


Then, making proper substitutions Equation (40) values are deter- 
mined follows: 


0.2929 


p 
C, 


1.7071 


Consequently, according Equation (42): 


ay! => 0.0492 p 
= 0.0155 p — 32.126 ( 7) 
0.0054 


the author’s Equation (18), substitute the values found Equa- 
tions (45) and (47) and also the other numerical values given; then the value 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1467. 
Loc. cit., 1474. 
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value 


this point the solution exactly given the author. 


second example, consider the same bridge, assuming that and 


Then, following the same procedure Equation (46): 


C,= 2.294a,—1.479 


a,’ 0.0653 
The author’s Equation (18) will then become: 
per lin. ft. 642 per lin. in. 


Comparing these values (661.5 and 642) with those determined the 
for truss with constant rigidity 671 lb. per lin. in.), will show 
that the magnitude the load necessary cause definite increase, the 
stress, will diminish very slowly with decrease the rigidity the 
truss. When the moment the support reduced one-half, the value 
decreases only 9.5 per lin. in., whereas when the moment the support 
zero, the decrease lb. per lin. in. somewhat greater decrease would 
obtained less favorable curve than that Equation (25) were 
assumed.) other words, the horizontal component well the total 
tension the cable increases under the action given temporary load 
rate considerably slower than the corresponding decrease the rigidity 
the truss. This result may interest the bridge engineer, because will, per- 
haps, allow more rational construction the stiffening truss. 


series deflection problem advantageously presented this paper that 
desirable discuss the problem the stiffened suspension bridge more 
detail. 

The writer presents extension this problem the following studies: 
(a) The relation between the additional horizontal component cable stress 
and live load; (b) the application the live load two increments; (c) the 
solution problem when the cable attached the towers; and (d) the 


effect concentrated load the span. The notations used are the same 
those the paper. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1474. 
Associate Prof., Mathematics and Mechanics, Univ. Minnesota, Minneapolis, Minn. 
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will found equal 937 per lin. ft. 661.5 lb. per lin. in. Beyond 


and, 
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The Relation Between and p.—Since represents the live load per unit 


length over part all the truss and the relation between these 


two values will used terms numerical quantities. For this problem 
the relation between and will investigated for three-span suspension 
bridge with the cable free move over the towers. will assumed that 


the live load covers the main span from that there live 


load the side spans; and that the temperature 55° Fahr. above normal. 
The other numerical data for this problem are those the Manhattan 
Bridge.* 

order solve the numerical computations desirable assume 
values for Equation (22)+ and compute This will done various 
ways: First, assuming the load and temperature act simultaneously, 
that is, using the complete equation; second, assuming the same values 
for and the temperature normal; and third and fourth, carry out 
the same computations omitting the terms involving the square the 
coefficients, and for the first and second case. The values obtained 
the first and second method will called (exact) contrast with those 
obtained the third and fourth method which they will called 
(approximate). The (approximate) values correspond those obtained 
the deflection method, since the original assumptions the development 
the equations for these two cases are identical. The results for these con- 
ditions are given Table 


Spans). 


55° allowing for Difference. allowing for Difference. 
temperature. temperature. 


will noted that the values the “Difference” columns increase with 
increase This expected since the term Equation (22) 
which takes into account the effect temperature the form, 


and increase will increase the effect given temperature. 


should noted that there slight deviation from linear propor- 
tionality between and Since this deviation small possible 
assume linear relation for small increments 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1467. 
Loc. cit., 1477. 


- G 
0.05 196.1 81.0 280.0 197.2 82.8 
0.10 474.8 891.8 82.5 481.2 85.8 
0.20 866.5 781.5 85.0 887.5 90.5 
0.40 641.0 552.0 89.0 717.0 616.0 101.0 
sti 
lin 
. 
use 


propor- 
sible 
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The Live Load Applied Two the development Equa- 


tion (22) the average load, was assumed acting through the dis- 


tance, the work done. numerical example will show that 
this assumption may used. Since simple problem will suffice, will 
assumed that the suspension bridge consists only one span and that the 
cables are fastened rigidly the towers. The data the main span the 
Manhattan Bridge will used. For numerical computation two-increment 
loading chosen. The live load, acting the cable will divided into 
two parts. the first increment the average load acting the cable will 


truss for the first increment loading will designated and that for the 
second increment Also, let equal the additional horizontal com- 
ponent cable stress due the first increment; and that for the second 


i t f loading. Th = d => 
For the first increment loading the equation for determining is:* 


and for the second increment loading, the equation for determining is: 


which, 


For 0.10, the value from Equation (51) 338.2 per lin. in. 
and, for 0.10, the value from Equation (52) 368.0 per lin. 
in. The load which will produce additional horizontal component cable 
stress corresponding will the sum and p,, 706.2 per 
lin. in. 

Since necessary determine whether single loading will produce the 
same effect the two-increment loading, single value 0.21) must 
used, which equivalent Then (Equation (51)), the value 


The development the equations used this discussion and more detailed study 


the suspension bridge are published Engineering Research Bulletin, Univ. 
Michigan. 


us 
ly, 
the 
ned 
con- 
nce. 
with 
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706.0 lb. per lin. in. This agrees with the value the sum and 
when the load applied two increments. For second illustration this 
found 673.0 per lin. in. the use Equation (51). With 0.20 
for the second increment, the value found 790.0 per lin. in., 
the use Equation (52). The sum and 1463.0 lb. per lin. in. 
for 0.44, 1461.0 per lin. in. Thus, shown that the use 


the average load, sufficiently accurate value the cable stress 


found. 


Analysis Stress with the Cable Fixed the the 
cable for three-span suspension bridge fixed the towers, the case 
the Delaware River Bridge, the deflection the towers must taken into 
account when live load temperature change acting the structure. 
The equations necessary for the computation the value for sym- 
metrically placed load and equal side span given. (Similar equations 
developed when these conditions are not symmetrical.) 

the towers are bent change the stress and since the 
stress the cable over the side span different from that the main-span 
cable, necessary have equation for the side span, one for the main 
span, and one for the deflection the towers. 

Besides the notations previously given, necessary use the following: 


the additional horizontal component stress the cable the 
side spans. 
the deflection the towers. 
the moment inertia cross-section the tower about the 
axis perpendicular the plane bending. 
the height the tower. 
the vertical component the total cable stress. 


The equation equilibrium for the side span is: 


in. 
ad: 
wh: 
pon 
and 
addi 
Brid 
posit 
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and for the main span: 

9 


The equation for deflection the towers is: 
E 4 I, (56) 
example, the data taken from the Final Report the Board 
Engineers the Delaware River Bridge Joint Commission will used 
determine the values H,, and will assumed that live load 
000 per lin. ft. extends over the entire length the main span and that 


there load the side spans. The temperature assumed 55° 
Fahr. above normal. 


Substituting the proper numerical data Equations (54), (55), and 
(56): 9588000 lb., 9391000 lb., and 19.90 in. The value 
which corresponds the load 000 lb. per lin. ft. given the afore- 
mentioned report 620 000 and the total movement the tower 20.04 
in. evident, therefore, that the trigonometric-series method can also 
adapted for computing the horizontal component cable stress when the 
attached the top the towers. 

Concentrated Load the simplify the calculation the 
stresses the truss suspension bridge desirable set equation 
which gives the effect concentrated load the additional horizontal com- 
ponent cable stress and construct the influence diagrams. 

The equation for determining the additional horizontal component cable 
stress produced concentrated load the truss is: 


For this case, 


and the concentrated load, distance, from the left end the span. 

example, Equation (57) will applied the calculation the 
additional horizontal component cable stress for the data the Manhattan 
Bridge, with the main span regarded single span. The concentrated load, 
will taken 100000 lb. and the temperature normal 0). The 
position will assumed various points the span that its effect 


4 
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when located any point the span may determined from diagram. 
The values for various locations are given Fig. With the aid 
this diagram, the value may determined approximately for any 
uniformly distributed load and the influence lines for the bending moment 
the truss may drawn. 

illustration, will assumed that the uniform load extends over 
the left quarter the span. only necessary regard the concentrated 
load, unit load and then the area bounded the curve for the 
and the ordinates limiting the distribution the uniform load will 
equal the component cable stress for uniformly distributed load unit 
intensity. For approximation the area under the curve (Fig. OBC 
area will equal: 

0.732 180.9 0.732) 180.9 

For uniform load 000 per lin. ft., the value the additional horizontal 

component cable stress will be, 253.1 4000 1012000 For 

similar conditions the value computed Equation (51) 


253.1 


Ibs. 


Span Length 


The error involved using this simple approximate method less than 
per cent. Thus, evident that may used determine good approxi- 
mation the cable stress, the preliminary values when the exact 
method used for calculating 

The trigonometric-series method can used construct the influence 
lines and diagrams for the bending moment the truss. the bending 
moment written follows 


which, the ordinate the cable when the origin taken the top 


the tower, then the influence line for may drawn the same manner 


the influence line drawn for simple beam (see Fig. 7). Also, from 


Framed Structures,” Johnson, Bryan, and Turneaure, Ninth Edition, Pt. 
221. 
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Fig. the influence line for can drawn. The area between these two 
represents the influence diagram from which the bending moment due 
uniform load extending over any part the span may obtained. The 


shaded area Fig. represents the influence diagram when the unit load 
the point, This method can used for determining the most unfavor- 


positions the live load the stresses the truss. 
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THE RELATION BETWEEN EARTHQUAKES AND 
ENGINEERING SUBSTRUCTURES 


Discussion* 


AND 


indebted the author this paper for clear statement the earthquake 
problem its relation engineering substructures. Scientific research may 
necessary order that more concrete information which the engineer 
may design earthquake-proof structures may become available, but many 
practical questions planning and design may perhaps answered when 
the observations recent earthquakes have been thoroughly studied and 
interpreted. 

severe earthquake presents the greatest hazard life and property 
large cities, and the main problems there are those making the buildings 
safe from collapse, insuring means transportation, and providing 
sufficient water prevent conflagration. city has many buildings 
that would not stand heavy earthquake shock, but the modern steel frame 
and reinforced concrete structures appear reasonably safe for those 
who remain inside. The possibility the cornices falling from these modern 
buildings and the brick and stone facings slipping into the streets not 
pleasant contemplate, however, because the first impulse the panic- 
stricken occupants will rush into the streets. This the architect’s 
problem, but the engineer should his part arousing the public the 


need some revision the building code that will make streets well 
buildings safer. 


This discussion (of the paper Henry Dewell, Am. Soc, E., presented 
the meeting the Structural Division, Seattle, Wash., July 15, 1926, and published 
August, 1928, Proceedings), printed Proceedings order that the views expressed may 
brought before all members for further discussion. 

Dept. Engr., Board Water Supply, New York, 
Received the Secretary, April 11, 1928. 
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One the most serious situations that will result from heavy earthquake 
shock thickly populated sections large city the congestion the 
streets crowds people and automobiles and other motor vehicles. The 
latter proved great menace during the recent disaster Tokio, Japan. 
generally conceded that subways and tunnels will suffer little injury from 
earthquake. so, they may provide avenue escape from the zone 
destruction the open ground the parks and outskirts the city. This 
raises the question, whether such structures the soft silt rivers and 
harbors will remain uninjured? the integrity the power houses and the 
safety the power ducts assured? Will elevated railroads and viaducts sup- 
ported isolated piers great depth escape injury? These are all ques- 
tions for the engineer and now the time consider whether transit facilities 
may made earthquake-proof reasonable cost. 

Perhaps the most serious danger city shaken earthquake from 
fire, and one the engineer’s greatest responsibilities insure ample 
supply water such crisis. San Francisco, Calif., where fire did 
much damage 1906, the engineers have already given this problem much 
thought and have now located their trunk water mains firm ground 
insure greater safety. what extent should this and other measures 
taken elsewhere? The author’s reference* the observations Sir John 
Milne and the experiments Sekiya and Omori the relatively smaller 
movement presumably loose ground depths ft. below the 
surface, suggests the possibility laying some water mains for fire protection 
sufficient depth loose soils, perhaps ft., more, insure their 
safety and designing the connections the surface prevent their rupture. 
More information the kind and extent the movement unconsolidated 


near the surface greatly needed. 


Professor Jaggar has New York ruins 1932 following 
great earthquake. correctly represented panic and fire responsible for 


the great loss life, but his remedy was for more seismographs 


rather than better buildings and more thoroughly guarded water supply. 
There doubt need vast amount research. Will such research 
answer the very practical questions that arise and necessary wait 
before doing something? While New York City several hundred miles 
from any well accepted earthquake origin, the possibility moderate earth- 
quake may reasonably anticipated. This city geologically the same 
region Boston, Mass., where several disturbances have been noted and 
where earthquake estimated Intensity occurred 1755. 
severe earthquake takes place New York most the buildings will suffer, 
some the tunnels soft ground may damaged, and along the water- 
front the water mains and sewers will doubtless broken. The deep rock 
pressure tunnel under the city, through which delivered large part the 
city’s supply, undoubtedly safe, however. Another tunnel the same type 
constructed. the new well the old tunnel the only serious 
Proceedings, Am. Soc. E., August, 1928, Papers and Discussions, 1740. 
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earthquake problem the design the chambers the heads the several 
shafts through which water from the deep tunnel delivered and the con- 
nections with the distribution system. Such the secure foundation and the 
depth these chambers that they are reasonably safe from any serious 
damage, and the city has consequently one dependable source water stop 
conflagration the shallow street mains should ruptured. 


very pertinent problems resulting from action along earthquake faults. 
The author’s explanation the theory earthquakes and their causes very 
illuminating. 

The writer interested specifically, however, some the comments 
the earthquake action dams, referring first the Upper Crystal Springs 
Dam, ft. high, which the author was crossed fault line. The 
fault line crossed over the easterly edge the dam, practically straddling 
connecting pipe line between the two lakes. The pipe was fractured, but the 
dam was not injured. 

The concrete dam Crystal Springs about two miles north the earth 
dam and built arch stream, possibly 500 ft. east the fault line. 
This dam was built unit block structures with various rectangular notches 
interlock the adjacent blocks. The structure suffered damage, the con- 
crete being excellent character and the dam well built good foun- 
dations. The joints modern dams would recessed angles remove 
the shearing stresses due rectangular notching. 

The Sheffield Dam, Santa Barbara, Calif., was examined the writer 
immediately after the earthquake 1925.§ was low earth-fill dam about 
ft. high. The discharge pipe was placed trench puddled clay the 
center the highest part the dam. rock was placed the down-stream 
part for drainage. Concrete collars were not used around the outlet pipe, and 
there was doubt that, the period the earthquake, the body the dam 
was saturated and unbalanced condition, ready break. Very fortu- 
nately, the water released went down canyon the ocean without inter- 
cepting any buildings persons when failed the morning June 29, 
1925. 

The rock-fill dam Morena, San Diego County, Calif., completed 
the writer 1912, earthquake region, west Imperial Valley, and 
constantly subject earthquake movements, and damage any kind 
has apparently shown this structure from this condition. Therefore, 
far earthquakes are concerned, the writer would advise that properly 
constructed rock-fill dam has state equal security with that the earth- 

fill dam. 

observed the effects the earthquake San Francisco, Calif., 1906, 
when sq. miles area were destroyed due the subsequent conflagration 
and more than $500 000 000 worth damage was done. The striking evidence 


City Engr., San Francisco, Calif. 
Received the Secretary, September 12, 1928. 
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the reliability well-constructed buildings that the earthquake did not 
damage the Post Office Building nor the old Customs House Building 
finished about 1880, although private buildings included this enormous area 
collapsed and only seven them survived the earthquake shock. 

interesting evidence the survival structure piles the Ferry 
Building, the foot Market Street, San Francisco. was built 
1894 possibly 500 piles, ft. length, that are held the mud skin 
friction. This building absolutely survived the earthquake without any dam- 
age, and there evidence settlement exceeding in. any part the 
building. The zones San which consist filled-in mud are 
subject quite fluctuation. The Post Office, Seventh and Mission 
Streets, was built piles. The sidewalk Mission Street was built the 
ground surface and settled very nearly ft. after the earthquake. Nearly 
all the surrounding zone filled-in land Mission Creek settled practically 
the same depth and, some places, sidewalks and pavements have moved 
horizontally the same time much ft. Fortunately, all the 
wooden buildings over this ground were destroyed fire, and the work 
restoration the street survey lines their original position created quite 
problem the City Engineer’s office. 

The Hetch Hetchy Aqueduct Irvington crosses well-known fault line 
which was discovered the ground within the locus ft., and expansion 
joints were provided the 5-ft. pipe crossing this point. 

the bridge across the bay, Dumbarton, 800 ft. long, over every alter- 
nate pier the 60-in. pipe provided with slip-joints the same character, 
and trouble from earthquake shocks anticipated. 

Four small pipes, and in. diameter, built the bottom the bay 
the same locality, the Spring Valley Water Company, about 1900, sur- 
vived the earthquake without any damage. 


Ese. (by author’s contribution this 
difficult subject presents excellent analysis the actual understanding 
earthquake action and points clearly the fact that there yet great deal 
learned. The seismologist distinguishes between absolute intensity and 
apparent intensity, but his researches deal commonly with the former, whereas 
the latter which interest the structural engineer. The distinc- 
tion between “absolute” and “apparent” may described the difference 
between the force the earthquake firm rock some depth below the 
surface and the effect that force structures the surface. 

Mr. Dewell’s the longitudinal and transverse waves applies 
more specifically the deeper-seated vibrations. The apparent intensity 
the effect the reflected and refracted waves under the peculiar conditions 
the surface, and always likely exceedingly complex. Theoretically, 
seismologists are obliged conclude that impossible determine, for 
any given site, what the action the earthquake force will be, but, practically, 
they may satisfy the requirements the structural engineer assuming 

Prof. Emeritus Geology, Leland Stanford, Jr., Univ., Stanford University, Calif. 


Received the Secretary, September 29, 1928. 
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lateral force the resultant and assigning reasonable values it. “Reason- 
able”, this sense, term which defined the economic limit 
practical construction. probably not practicable, except very rare 
instances, build resist the higher intensities the earthquake force, but 
appears within the range reasonable expenditure brace and tie 
structures, including foundations, resist acceleration much ft. 
per sec. per sec., and this which not likely exceeded except 


close proximity the earthquake fault especially bad foundation 
material. 


While agreeing with Mr. Dewell most his conclusions, the writer 


questions the statement* that structure deep pile foundations will probably 
safe against destruction the piles are driven underlying firm material. 
Whether not the piles reach firm material would not, the writer’s judg- 
ment, materially affect the lateral action vibrations wide amplitude the 
surface. The tops the piles are likely sway back and forth much 
in. more with the mud which they are embedded. doing they 
might possibly sink unequally not driven firm foundation, which would 
reason for preferring this stable support where practicable. The writer 
does not think possible, however, argue that the structure would safe 
because the risk unequal subsidence was eliminated. the wide ampli- 
tude the motion that feared. 
The author very properly emphasizes the difference between the effective 
action earthquake the surface and few feet below it, and argues 
er, that deep foundations constitute condition relative That 
security depends the elimination the surface movements leaving 
space cushion loose material around the foundation walls. Otherwise, 
ur- the surface waves large amplitude, striking against the upper part the 
cellar walls and meeting with resistance from within, are more likely 
damage them and undermine the building than the latter stood 
directly upon the ground. the other hand, obvious that the struc- 
ture does stand deep pit its vibration pendulum will correspond the 
and whole structure from the base the foundation the roof rather than simply 
reas from the ground floor up. 
The writer has read Mr. Dewell’s comment the security earth-fill 
ence dams with some The examples which cites having safely 
the resisted unusual shock were themselves structures which may reasonably 
regarded unusually good their kind. They were built time when 
yplies earth-fill dams were less popular than they are present, and engineers 
who used every possible precaution. These facts should not ignored. has 
happened that earth dams have been built materials not suited the pur- 
cally, pose, and likely happen again. would unwise create among 
for engineers the public impression that earth dam peculiarly safe 
ically, structure. safe only when built according the highest engineering 


standards, and even then subject the limitation that break does 
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occur the outrush water will far more instantaneous than through 
cracked wall reinforced concrete. The erosive power stream water 
soft earth should not forgotten, and the destructive force concentrated 
volume was well shown the discharge from the Sheffield Reservoir, which 
swept boulders ft. diameter down Sycamore Canyon. 

The case the Sheffield Reservoir may serve call attention the action 
earthquake underground water and its effect the foundations 
earth dam. any layer subsoil which not thoroughly consolidated 
and which filled with water, the earthquake vibrations serve settle the 
earthy material and, compacting it, drive the water out the direction 
least resistance. Ordinarily, this will upward, but may laterally. 
Inspection the foundations the dam Sheffield Reservoir after the shock 
showed layer fine adobe mud saturated with water that constituted 
dense liquid mass which the dam had floated out. seems improbable 
that the dam could long have rested that unstable condition, and the writer 
the opinion that the earthquake caused the failure the dam, not any 
actual displacement, but causing the water the gravelly and sandy sub- 
soil rise into the adobe which had been placed puddle form 
impervious barrier. conceivable that similar action might occur any 
dam with core-wall puddled earth, unless the foundations beneath the 
latter were thoroughly drained. 

With reference tunnels, the writer would confirm, the basis recent 
observations, Mr. Dewell’s statements* regarding their stability when driven 
solid rock. Santa Barbara, Calif., the Mission Tunnel which, with 
length miles, passes entirely through the Santa Ynez Range, and the 
Toro Tunnel which, the time the earthquake June 29, 1926, was 
about ft. long, were both the area marked activity that shock. 
damage was done either tunnel, although the effects the mountains 
above were such dislodge blocks rock considerable size. The 
explanation appears the fact that the vibrations deep underground, 
although intensely rapid, are exceedingly small amplitude; whereas the 
amplitude the surface much greater and is, therefore, destructive, 
although slower. 

The writer agrees heartily with Mr. Dewell that the subject designing 
against earthquakes should receive intelligent and careful study, and that 
engineers should seek experiment and mathematical analysis achieve 


that understanding which may protect communities against the otherwise 


inevitable disaster. 
Proceedings, Am. Soc. E., August, 1928, Papers and Discussions, 1742. 
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THE PRACTICAL UTILITY 
HIGHWAY TRANSPORT SURVEYS 


Discussion* 


Am. Soc. author has shown very clearly 
that knowledge how the highways are used just essential the man 
who directs the activities and policies highway system, knowledge 
the market for commodity business executive. Engineers have 
devoted much time and study the details pavement construction, and 
yet only recently that they have made effort find out the use and 
abuse which roads and streets are subjected. 

the design bridge, careful consideration given the loads 
sustained. not important, therefore, know the character and density 
traffic carried order decide the type and construct pavement 
properly? lack such information past years has not only led the 
selection types entirely inadequate handle the volume traffic carried, 
but some cases the selection and construction types, the cost which 
cannot justified traffic conditions. Engineers are beginning recog- 
nize, however, that knowledge present, and intelligent forecast 
future, traffic essential, they are design properly and construct roads 
and pavements economically. 

Since large percentage the traffic the main highways the State 
originates the cities, will interest know something the move- 
ment traffic the City Columbus, Ohio. The Ohio survey shows that 
approximately one-eighth the rural roads carries more than one-half the 
total road traffic. What percentage city traffic carried the main 
thoroughfares within that city? What the relation traffic the paved 
mileage city; what its intensity; its fluctuations, and its character? 


This discussion (of the paper Schlesinger, Am. Soc. E., presented 
the meeting the Highway Division, Columbus, Ohio, October 13, 1927, and published 
September, 1928, Proceedings), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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may not necessary know the seasonal variation, but desirable 
know the direction and maximum intensity traffic order plan intel- 
ligently the development city. The general direction traffic will 
indicate clearly the need widening present thoroughfares, and will show 
where additional arteries traffic may required. 

obtain complete and accurate record the flow vehicular traffic 
over the streets city presents problem some difficulty. manifestly 
impractical secure information ownership, origin, and destination 
traffic thoroughfare carrying 1000 vehicles per hour, and such informa- 
tion hardly necessary solving problems arising from city traffic. This 
special problem rather one density and calls for information direc- 
tion, total volume, maximum intensity, and something the character 

Traffic counts best give only indication traffic movement within 
reasonable variation. count to-day will not agree with one to-morrow 
yesterday. The density traffic particular point will vary with the 
seasons and with weather conditions. will vary with the day the week 
and the hours the day. Notwithstanding the inexactness the data, 
survey traffic very important for the engineer who must plan system 
highways well those who must solve the traffic problems cities. 

few isolated traffic counts were made Columbus about 1924, but the 

first systematic survey was undertaken 1925. The data obtained from this 
effort, while not very complete, convinced the speaker the need con- 
tinuing the work during the following year. 1926 more complete and 
thorough survey was attempted. The work was under the direction 
Chaney, Am. E., Engineer for the City Planning Commission. 
was begun June and continued daily, except Sunday, until September 
28. The standard forms prepared for this work enabled the observer record 
all traffic movement station, that the movements any 15-min. 
interval would known. Most the stations were street intersections, 
that the would show the movement straight through each street and 
the right and left turns. The data noted included count passenger cars, 
light and heavy trucks, and horse-drawn vehicles. Data were obtained 210 
stations selected cover the entire city. The observation period was from 
6:00 10:00 Some Sunday counts were taken few stations. 
number selected stations complete 24-hour count was taken, and, 
few, the movement was observed for seven consecutive days. Many the 
stations were handled single observer, but heavily traveled thorough- 
fares, two observers worked together. 

While the survey covered 16-hour day, 13-hour day was adopted for 
the purpose this study, from 6:00 7:00 M., standard interval 
best suited give dependable average This covers the busi- 
ness day, both commercial and commuting, and the traffic during this interval 
fairly uniform throughout the year. The traffic for this interval about 
70% the 24-hour traffic. 

There are Columbus about 540 dedicated streets. this total, 
400 miles are improved. The remainder the mileage not improved, 
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that practically all the traffic movement the city the 400 miles 
improved streets. The roadways vary width from minimum ft. 
maximum ft., the average being about ft. 

this paved mileage, 48.12 miles, 12.03%, may classed main 
thoroughfares, arteries that lead from the center the business district all 
directions the suburban sections; 38.25 miles, 9.56%, may classed 
secondary thoroughfares; and 313.62 miles, 78.41%, minor streets. The 
average daily movement (13-hour interval) these roadways follows: 


Main thoroughfares....... 7000 vehicles, 336 875 car-miles 
Secondary thoroughfares.. 434 vehicles, 131370 car-miles 


. 


Total daily 593 695 car-miles 


This equals movement abount miles per day for each registered car 
the 

interesting note that the main and secondary thoroughfares, 
representing 21.59% the paved mileage, carry 81% the traffic movement. 
will noted, also, that the main thoroughfares, representing the 
paved mileage, carry 56.7% the traffic movement. This fact rather 
striking that agrees closely with figures presented Mr. Schlesinger 
the relation traffic the State routes compared with the total rural 
movement.* other words, the traffic movement the main thor- 
oughfares the city bears about the same relation the total traffic the 
city streets the traffic the State routes bears the total rural traffic. 

The character the traffic city streets some importance. The 
Columbus survey shows that average 16% the vehicular movement 
motor trucks, and that approximately 25% these trucks were classified 
heavy, that about the traffic consists heavy trucking units. The 
movement horse-drawn vehicles negligible because less than the 
traffic this class. 

Figs. and show the variation traffic the city compared with that 
the State highways, the data the latter being from the Ohio survey 
presented Mr. Fig. shows the hourly variation expressed 
the percentage traffic during the average hour. will noted that the 
intensity highway traffic increases rather uniformly from minimum 
4:00 maximum 4:00 The traffic intensity the city, how- 
ever, while rising rapidly the morning, fairly uniform from 8:00 
4:00 The maximum intensity about 6:00 followed slump 

with another peak the early evening. 

Fig. shows the daily variation traffic expressed percentage traffic 
during the average day. The traffic intensity the highways reaches 
maximum Sunday, while the city minimum that day. 
the highways, the Saturday and Sunday traffic more than the average and, 
the city, the traffic intensity exceeds the average Monday and Saturday. 


Proceedings, Am. E., September, 1928, Papers and Discussions, 2075. 
Loc. cit., 2079, Fig. 
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Studies Columbus have not been point where complete 
thoroughfare plan can outlined for the needs the city, but number 


locations has furnished evidence show the need wider roadways and 
new thoroughfares. The traffic survey has been aid determining the 


State of Ohio Traffic, 
City of Columbus Trafic 


Tuesday Wednesday Thursday Friday Saturday 
VARIATION TRAFFIC EXPRESSED PERCENTAGE TRAFFIC 
URING THE AVERAGE 


proper location and the proper width arteries extending into newly developed 
territory and planning the development suburban areas. has also 
furnished evidence aid the selection locations for the installation 
automatic traffic signals. 


Traffic 


verage Hourly 


10.—DAILY VARIATION TRAFFIC EXPRESSED PERCENTAGE TRAFFIC 
DURING THE AVERAGE Day. 


The traffic the streets should also studied effort determine 
its effect pavements. What the relation traffic the wear and repair 
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pavements? few years ago this question was little moment, but the 
use self-propelled vehicles has reached such proportions show its effect 
pavement surfaces. To-day many hard-surface pavements which carry 
large volume traffic are showing abrasive wear, especially where the 
concentrated narrow lanes and has opportunity spread over wide 
area. test concrete pavement the Bureau Public Roads, 
Arlington, Va., showed abrasion under concentrated traffic nearly 0.01 
in. the passage vehicle 55000 times over the surface. the same 
ratio 1000 000 vehicles would have resulted wear 0.17 in. Some observa- 
tions the speaker pavement Columbus, carrying vehicles 
yearly, shows that rubber-tired traffic will abrade hard surfaces, and there 
evidence show that the abrasion approximately proportional the volume 
traffic. When realized that many pavements carry traffic excess 
000 vehicles yearly, clear why many them are showing signs 
distress, and why such vast sums are required for maintenance. not 
important, therefore, have knowledge the traffic conditions order 
not only plan the future development rural and urban communities intel- 
gently, but design and construct pavements properly? The time past 
when pavements should constructed without reference the use which 
they are placed. The engineer should know within reasonable limits 
the density and character the traffic carried. The only way secure 
this information traffic and transport survey. 


principal application evidence produced from highway transport surveys 
bases plans for future highway improvement. Furthermore, the value 
transport survey cumulative. great deal the evidence may 
little utility the time gathered, but may become valuable the 
future, combination with later data trends important con- 
sideration connection with making modifying plans for improvement, 
connection with traffic control. 

The principal information that secured from the highway transport 
survey distribution and annual daily average traffic flow, wheel 
loads, and peak loads; and the greatest value this information its use 
with trend curves. Past records and present information with future trends 
furnish conception future conditions. 

The author gives very clear description the Ohio Transport Survey 
and its uses. Summarizing, and the same time generalizing, the speaker 
would say that highway transport survey furnishes information pertinent 
the economic development and profitable and safe utilization the high- 
ways. 

Priority Improvement.—Information distribution traffic flow 
makes possible classify the highways system for improve- 
ment. Mr. Schlesinger indicates this and also that motor high- 
way traffic recent and incomplete development. 


Deputy Eng. Executive, State Dept. Highways, Harrisburg, Pa. 


Proceedings, Am. Soc. E., September, 1928, Papers and Discussions, 2073. 
Loc. cit., 2083. 
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twenty years, highway traffic has changed from horse-drawn motor- 
driven and volume has probably increased fivefold. Since 1908 the necessity 
for greater strength and durability has increased the cost per mile pavement 
construction approximately five times, while the demand for more mileage 
has increased even greater proportion. 

present, the pressing task provide durable, hard surface vast 
mileage trunk highway systems, and the highway transport survey may 
considered furnishing data for use solving the problem priority 
improvement. 

general, the total volume traffic, as, for instance, when expressed 
total vehicle-miles, measure the value road service. order 
determine the merit efficiency any road system, necessary that 
the value the road the road user—which may considered the saving 
operating over improved, rather than unimproved, roads—be capable 
balancing against the cost furnishing improved roads. 

As. illustration, estimated that total travel the Pennsylvania 
State Highway System the next four years will average about 000 000 000 
vehicle-miles per year; that there 25% saving operating over improved 
road, equivalent cents per mile for passenger-car travel and cents per 
mile for motor trucks and buses. Assuming 10% motor-truck and bus traffic, 
the annual saving about for passenger cars and 000 
for motor trucks and motor buses, total $315 per year for all 
traffic. very important that the capital charges plus upkeep the State 
highway investment show profit the public. Admittedly, estimated unit 
savings are open question; but the figures appear reasonable, and until 
the road costs approach such total would equivalent savings com- 
puted using such lower savings figures might advanced, the question 
accuracy the estimate not critical. The more definite determina- 
tion savings figures, however, may prove important the future and 
through traffic surveys and studies that the improvements accuracy can 
obtained. 

Location.—The improvement any route, any section route, raises 
questions which can only disposed satisfactorily comparison costs. 
If, for example, there are two alternative locations, one which will cost 
$30 000 per mile for grading and the other and the larger expendi- 
tures result shortening distance reduction maximum grade, 
the number vehicles using the road will determine which the two the 
preferable and economic location. 

Selection information distribution and annual daily 
average (Table 1*) valuable the solution the problems highway 
economics determining the type improvement. 

carried, any structure, throughout its economic life. the past years 
has been developing and changing such rapid rate—while adequate 
standards construction were being developed—that forecasting has been 
virtually impossible; but now that the rate increase has moderated, curve 


Proceedings, Am. Soc. E., September, 1928, Papers and Discussions, 2077. 
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future traffic can drawn with some logical basis. There are now modern 
types pavement which have been carrying traffic sufficient length time 
warrant estimating the length their economic life. The relation between 
volume and weight traffic, and costs construction and maintenance 
pavement, has become sufficiently stabilized that can observed and 
studied verify correct the assumptions which the present huge 
expenditures highways are based and which the future greater ex- 
penditures are planned. 

Design Pavement weight heavy wheel 
loads and their frequency makes possible provide pavement section 
sufficient strength withstand—without destructive cracking—the loads 
which will subjected. Conversely, information what wheel loads 
are being carried without serious damage, and what wheel loads are excessive 
for various types pavement, will furnish evidence verify correct 
present ideas concerning requirements cross-section and materials. 

Information volume and nature peak loads carried and 
capacity multiple-lane parallel roads, under traffic characteristic 
locality, also essential for planning, intelligently, the width road sur- 
faces. There may not general agreement what should considered 
the maximum carrying capacity two, three, four-lane roads, under 
different conditjons. within the last few years, and only compara- 
tively limited mileage, that carrying capacity two-lane roads has been 
exceeded, and even now the composition traffic still changing. There is, 
yet, wide variation proportions motor-truck and bus traffic 
considered the present well estimated the future. These considera- 
tions, however, emphasize rather than detract from the importance traffic 
survey data connection with the planning improvements. 

Time principal features the highway transport survey have 
been considered those which most directly affect the road itself. This 
has been the point view necessarily taken during the early stages devel- 
opment the road system. With the road system approaching completion, the 
point view changes embrace operation well construction. the 
future, highway administration may expected concern itself more and 
more with operation and traffic control. 

Time ever-increasingly important factor. Pavements might withstand 
the full weight traffic and carry the full volume and yet unsatis- 
factory travel entailed loss time. It%s necessary provide highway 
facilities for fast well slow travel, the case railroads. the near 
future, widening roads with special lanes for slow travel, segregation 
slow travel parallel roads, for the purpose reducing congestion, likely 
large expenditures and, such cases, adequate information will 
required. 

With the understanding that road design permit occasional over-loads, 
the same way that storm sewers are designed occasionally overtaxed, 
the peak load traffic, expressed hourly rate, rather than annual daily 
average, should the measure highway capacity. The planning multiple 


irs 

ite 

en 


2762 THOMAS HIGHWAY TRANSPORT SURVEYS 


lanes and parallel roads will influenced accordingly. Width right way 
well width pavement involved. 

many cases, especially trunk roads entering cities may not 
possible provide either extra width parallel roads, unsatisfactory con- 
ditions may remedied eliminating reducing minimum those 
features which retard the flow traffic and constrain the volume-carrying 
capacity the road. Such features, concerning which traffic survey may 
furnish very valuable information, are railroad crossings, cross-road side- 
road intersections, sharp curves, and steep grades. 

Safety—The purpose the highways their safe and profitable use. 
Safety requires, essentially, jurisdiction over drivers and minimum specifica- 
tions, particularly brakes and lights. The growing accident loss 
checked and the proper use the highways encouraged. This feature 
highway traffic study must receive great deal more consideration the 
future and traffic-flow data must combined with accident-occurrence data 
furnish accurate conception the problem which pre-requisite 
remedy. 


TABLE 11.—1926 Stare Hazarp Day WEEK. 


Percentage 


Percentage Relative 
accidents. ffi Factor. 


traffic. hazard, 


furnishes example. shows that 1926, accidents 
reported occurring the State highways Pennsylvania, the percentage 
charged Sunday was greater than that for any other day the week, but 
when daily average traffic taken into account, found that Sunday 
the day lowest relative hazard. connection with the analysis acci- 
dent data, obvious that the number accidents significant and im- 


portant, but also obvious that comparison valuable; and this case 


comprehensive comparison include the indication accident rate 
terms total volume traffic. Public welfare requires traffic control, and 
traffic control necessitates traffic information, 


Mr. Schlesinger shows rather clearly the importance study population 
figures planning roads. “The volume highway traffic area largely 
function the population the area,” and proved the author 


Editor, Highway Engineer and Contractor, Chicago, 
Received the Secretary, October 22, 1928. 
Proceedings, Am. Soc. E., September, 1928, Papers and Discussions, 2081. 
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for Ohio, also fundamental proposition laid down the late Wel- 
lington, Am. E., applied railroads. The development 
modern highway traffic producing conditions that are more and more like 
those that apply railroads and telephone companies. Similar methods 
analysis, which have reached high degree refinement railroad and 


telephone traffic studies, may applied with some degree success 


analysis highway conditions. 


For purposes predicting future traffic route, the great value 
traffic survey seems that establishes the fact that highway traffic.in 
general varies with population. other respects, traffic survey like 
“locking the stable door after the horse gone.” The traffic already there. 
Just how much traffic may expected and what set conditions will pro- 
duce given the information that the projector highway wants. 

cases where the traffic did not seem vary exactly with the popu- 
lation the State roads, the author states* that other roads carried the 
Might not also assumed from the same data that the economic location 
the State road was poorly made—the road was not the right place? 

Another interesting conclusion that only 14% the traffic exceeded 
50-mile limit traffic relatively small. analysis 
from the standpoint the area served would seem possible, and such 
analysis should give interesting and useful information, especially pre- 
dicting traffic. 


The determination the potential traffic the area would give maximum 
figures useful designing. The variable “attraction traffic” eliminated 
assuming that the road properly improved will get all the traffic, much 
which now going other routes. This,-of course, applies only the local 
50-mile haul traffic, which Ohio 86% the total. 

The subject one that might discussed and elaborated length with 
interesting results. Suffice say that the old railroad principle location 
holds true, namely, that there one best route between two points group 
points; that this route should found and improvement made propor- 
tion the anticipated when the traffic area developed its full 
present possibilities; and funds are available may wise anticipate 
future traffic possibilities the area. 


Proceedings, Am. Soc. E., September, 1928, Papers and Discussions, 2082. 
Loc. cit., 2081. 
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HENRY SEWALL ADAMS, Am. 


Dirp 21, 1927. 


Henry Sewall Adams, the son Charles Sylvester and Christiana Wyman 
(Jennison) Adams, was born Cambridge, Mass., March 16, 1864. 
early age lost his parents, well his only brother and sister, and his 
boyhood was spent with his Grandfather Adams, Cambridge, and the 
farm his Grandfather Jennison, Burlington, Mass. 

the age seventeen, Mr. Adams began his engineering career with 
survey party the sewerage system Woburn, Mass., work which 
four summer vacations during his course the Woburn High School and fol- 
lowing his college Freshman year. 1883 entered the Massachusetts 
Institute Technology where studied civil engineering with the Class 
1887, leaving, however, before graduation, take position the office 
the City Engineer Cambridge. 

Municipal engineering work Cambridge and work Assistant County 
Engineer Middlesex County occupied Mr. Adams until when 
opened his own office Boston, Mass., for the private practice engineering, 
practice which was continued uninterruptedly until his death. 

the early years his private practice, Mr. Adams’ professional work 
included water-front developments Boston, reporting mines Montana, 
Idaho, California, and Mexico, and other properties different parts 
the country. 1895 was begun the construction Boston’s Subway Sys- 
tem, the pioneer undertaking its kind the United States. This extensive 
work underground construction presented new and unusual problems rela- 
tive the underpinning and safety buildings. the several years during 
which subways and tunnels were being built down-town Boston, Mr. Adams, 
more often than any other engineer, was called private clients 
advise these foundation problems and look after the safety more than 

one hundred important buildings. 

Gradually, work difficult foundations, and more particularly that 
connection with the building water-front structures, came absorb Mr. 
Adams’ attention. this special field made reputation which was not 
confined Boston. Not only did come looked upon the leading 
engineer private practice the development the Boston water-front— 
and engineer has been more closely identified with private developments 
that port—but his services were demand elsewhere. was one two 
engineers commissioned the City Newark, J., 1909, study and 
report upon the layout the port development the Newark Meadows; 
designed wharves and docks for Ponce, Porto Rico; designed and super- 
vised the building the Sandy Bay improvements Rockport, Mass.; and 
was Engineer harbor and water-front improvements other ports. 


Memoir prepared Frederic Fay, Am. Soc. 
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For many years, until his death, Mr. Adams was Consulting Engineer 
the Atlantic Sugar Refineries, Limited, Montreal, Que., Canada., its 
water-front plant St. John, B., Canada, where his advice was sought 
not only difficult water-front problems, but also the general develop- 
ment and upkeep the plant. Likewise, for many years was Consulting 
Engineer the Pocahontas Fuel Company, Incorporated, connection with 
its coal-handling plants Portland, Me., and New Bedford, Mass. 
both Portland and St. John, successfully met some unusually difficult 
problems water-front construction connection with structures, previously 
built others, which had failed. Many fuel companies engaged his services 
connection with the building and repair coal-handling plants. Included 
among his clients were railroad and steamship companies and many corpora- 
tions, well most the private wharf owners along the Boston water- 
front. 

Mr. Adams showed peculiar ingenuity and resourcefulness solving prob- gai 
lems unusual difficulty and complexity. Painstaking and thorough his les 
work, was also man broad outlook and sound judgment. his clients, 
many whom served continuously over period years, his advice was his 
sought, not only structural problems, but also the conduct business. 

For more than thirty years, and until his death, Mr. Adams lived ileg 
Arlington, suburb Boston. retained also the farm his Grandfather ren 
Jennison Burlington, where part his boyhood had been spent and 
which always took special interest. served the Town Arlington 
many ways. During the early years his private practice, and until the 
appointment full-time Town Engineer, acted Engineer for the town nee! 
and took important part the laying out and development this growing 
community. was elected member the Board Public Works 
Arlington 1912, position which filled for several years, part the time 
being Chairman the Board. was elected member the first Planning 
Board the town 1914. 

Being deeply interested historical and genealogical matters, was long 
active member the Arlington Historical Society well the Bos- 
tonian Society. His 

Mr. Adams was admitted membership the Boston Society Civil bega 
Engineers October 19, 1892, and served Director that Society pany 
1925 and 1926. was life member the International Association 
Navigation Congresses; member the American Society for Testing sister 
Materials, and the Association Professional Engineers the Province 
New Brunswick, Canada. was member the Engineers Club 
Boston and the Boston Chamber Commerce, which latter organization 
took active part the work the Maritime Association. his 

October, 1892, Mr. Adams was married Bessie Lockwood Tucker, and 
Cambridge. survived his widow and four sons, Charles Jennison, 
Laurence Wilder, Ralph, and Henry Sewall, Jr. There are also two grand- 
children, Jane and Charles Jennison, Jr. school 

ability and achievement, worthily earned position standing served 
the Engineering Profession. Ever modest, genial, and true his own high 
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standards, endeared himself wide friends and associates. 


Especially was held high regard the clients whom served. One 
them writes: 


“Mr. Adams had the happy faculty always impressing his client with 
explicit confidence his judgment, and never knew more careful and 
painstaking man than when had difficult problem confronting him, and 
had one the most lovable natures that ever knew man his 
ability. Our Company has suffered great loss the death Mr. Adams.” 

Another client says him, 


“The recital Henry Adams’ services this company would long 
and unbroken record valuable contributions. possessed engineering 
ability that itself was sufficient distinguish him, but over and above this 
was pride and joy his work and simple devotion ideal which, com- 
bined with his professional ability, gave him that place and position which 
occupied well. Possessed delightful modesty and never superior 
gaining information from whatever source might offered, none the 
less inspired full reliance his own quiet confidence. 

“It is, however, impossible consider Henry Adams except include 
his own charming and lovable character. The start our business relation- 
ship marked also the beginnings personal attachment which grew and 
deepened until became one life’s delightful realities. great priv- 


ilege have had him friend and continue him our affectionate 
remembrance.” 


able engineer and useful citizen, Henry Adams was lover Nature, 
devoted husband and father, and loyal and understanding friend. 


Mr. Adams was elected Member the American Society Civil Engi- 
neers June 1906. 


GEORGE HERBERT BOYNTON, Am. Soc. E.* 


20, 1928. 


George Herbert Boynton was born Meredith Village, H., Sep- 
tember 1852, the son Emory Warren Boynton and Mary (Cram) Boynton. 
His early boyhood was spent the neighborhood Watertown, Mass. 
began his education the age three, Lawrence, Mass., while accom- 
panying his brother the little “old red brick school house”, which was still 
standing few years ago. thus early life, showed himself very per- 
sistent any thing undertook, consequently, his father found necessary, 
times, carry him school through stormy weather. 

When Mr. Boynton was six seven years old, began his business life 
delivering papers. About this time his mother died. After few years 
his father was married Eliza Hilton, who was exceptionally fine woman, 
and boy ever could have been more devoted son than Mr. Boynton was 
her until she died her seventies. 

1866 the family moved Rock Island, where attended the public 
schools. Soon thereafter went work the Government Island where 
served Time-Keeper for short period. order early, that 


Memoir prepared Zeug, Secretary, Northern Gravel Co., Muscatine, Iowa. 
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might set example for the many men employed there “Uncle Sam”, 
was obliged get before daylight, had cross the Mississippi River 
and walk several miles the head the Island. one time, owing great 
damage storms the wagon bridge, found necessary walk the rail- 
road bridge. When one stops consider the darkness, the snow, and the ice, 
one may realize, somewhat, the energy and ambition “young man” not 
yet seventeen. was never late and never complained. His method 
“carrying on” then, was typical his whole after life. 

Mr. Boynton next engaged office work the Rock Island Arsenal, and 
was shortly appointed Assistant the Chief Draftsman, Mr. Otto Gronen. 
While thus occupied, Lieutenant Shaler became much interested him, 
that gave him liberal course mathematics. was largely due the 
interest shown his two superiors, that Mr. Boynton decided make 
effort continue his education along engineering lines. With the encourage- 
ment and help from his family and good friend two, whom later repaid, 
succeeded going Germany 1872, where entered the Polytechnic 
School Chemnitz, Saxony. once took the strenuous task begin- 
ning the study German and his engineering course that language, the 
same time. came out with flying colors both studies and was graduated 
1875. Later life found much pleasure German literature. 

When first entered the School met Norwegian about 
his own age. They were attracted each other the unfamiliar land 
which they met. any rate, friendship was formed which was still loyal 
and touching the time Mr. Boynton’s death. “George” spent his vaca- 
tions Norway the home “Jens” Skougaard, and “Jens” afterward 
visited his friend’s home the United States many times. 

After three years study, Mr. Boynton returned Rock Island, ready 
and eager work. For time carried private practice. 
1877, was made City Engineer. This work, apparently governed largely 
was not entirely his liking, and the expiration his term 
office, 1878, went the Chicago, Rock Island, and Pacific Railway Com- 
pany, expecting temporary employment only, but evidently was successful, 
more and more important duties were given him, and remained with 
that Company for twenty-nine years. During the first summer, was ap- 
pointed Assistant Engineer survey the Mississippi River between 
Keokuk, Iowa, and Grafton, the fall 1879, was appointed Assist- 
ant Engineer with headquarters Davenport, was there for twenty 
years, being then transferred the Chicago Office, where remained until 
his resignation 1907. 

1908 returned Davenport and entered the general contracting 
business, being engaged the construction bridges and railroads, until 
1914, when organized the Northern Gravel Company, Muscatine, Towa, 
where went live few years later. was elected President the Com- 
pany, and held that office until died April 20, 1928. 

Before the World War was declared, Mr. Boynton was made member 
the Naval Construction Board the United States, organized for industrial 
preparedness, Mr. Thomas Edison being Chairman. Mr. Boynton gave his 
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services his country one the State Directors, long the Board 
continued function. 

1884, had prolonged and serious attack typhoid fever. The first 
thing make impression him when came back his normal con- 
scious life was notification that had been elected membership the 
Society. was dated September, 1884, which happened his thirty- 
second birthday. November 30, 1918, thirty-four years later, received 
another official notice from the Society stating that, Corporate member 
who has paid dues twenty-five years, and seventy years old, exempt from 
further payment dues”, and further stated that had been made 
“Life Member the Society”. While for various good reasons never took 
active part the Society’s work, was much interested its activities 
and kept touch with them, the same time enjoying the friendship and 
acquaintance many his fellow members. 

Mr. Boynton possessed lovable personality and although was rather 
quiet and reserved, his kindly interest people, especially younger men, 
seemed invite and inspire confidence. With his high ideals life and 
integrity, his own daily life seemed helpful influence many with 
whom came contact. 

During the years lived Muscatine, made warm friends, both 
his social and business life. was dependable and valuable member 
the Board Directors the Hershey State Bank and was often 
for counsel and advice the affairs the city. was member the 
Geneva Golf and Country Club and, when living Davenport, was one 
time President the Outing Club. Mr. Boynton was great home lover, 
and was fortunate having comfortable old-fashioned house the bluff 
overlooking the Mississippi River. was never happy when home 
with his wife and books his side, having been inveterate reader from 
childhood. While fond music, having inherited good voice and ear from 
his mother, walking and reading were his main recreations. Consequently, 
was unusually great sorrow when September, 1927, acute attack 
glaucoma demanded immediate operation, which allowed more reading 
writing. For years one his favorite maxims had been, “there use 
kicking against the pricks”, and there was little complaining; the contrary, 
feeling thankfulness that had been spared pain and that being appar- 
ently excellent health, could everything usual, except read and write. 

was great shock every one when, with warning whatever, was 
suddenly stricken with angina pectoris January 13, 1928. suffered 
great pain for few days, which was followed exhaustion. Continued rest 
and relaxation brought back his strength small degree, and for many 
weeks out the fourteen which did not leave his room, kept con- 
stant touch with his business and the affairs the Nation. 

may interest and appropriate quote here article that appeared 
the Muscatine Journal, seemed meet with the approval many. 


was written beloved and admired friend, rather widely known his- 
torian and writer. The heading was: 
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Man 


“Men there are who, when taken from the world, leave poor indeed. Such 
man was Mr. George Boynton, Muscatine. Mr. Boynton had mind 
technical bent. Technical things attracted him. Civil Engineer, 


followed his calling honored with membership the American Society 


Civil Engineers, later being made Honorary Life Member. 

“But not Mr. Boynton’s practical aptitudes that the writer would 
speak. had qualities far rarer. These caused him known ‘of the 
old school’, man courtesy, chivalry, gentleman. Old Thomas Decker 
hesitated not describe “The best men that e’er wore earth about him’ 
simply ‘the first true gentleman’. Distinguished for courtesy, for kindliness, 
Mr. Boynton did not lack firmness; was steadfast, stood four-square 
any winds that blew. 

man’s education, his training may may not single him out. Mr. 
Boynton’s training singled him out notably. the main, gained 
Germany. was thorough—that was German. was scrupulous—that was 
New England. Mr. Boynton’s scrupulous thoroughness marked him from first 
last. The particular thing that was just—this him—was the vital thing. 

“Kindliness evidenced courtesy; courage evidenced steadfastness; 
honor evidenced scrupulous regard for what was just—such was Mr. Boyn- 
ton’s life.” 

December 31, 1889, Mr. Boynton was married, Davenport, Frances 
Cutter, Rock Island, who survives him. 

The funeral service his home Muscatine was simple and modest—as 
typical the man, and would have wished be. The concluding 
sentence this service was most appropriate and covered his whole life. 
was: leave our brother—our friend—the husband who was still 
the lover”. 

Mr. Boynton was elected Member the American Society Civil Engi- 
neers September 1884. 


WILLIAM SANBORN DAWLEY, Am. E.* 


Diep May 18, 1927. 

William Sanborn Dawley, son John and Lemoille (Sanborn) Dawley, 
was born November 27, 1856, Stockton, Wis. 

was graduated 1879 from the University Minnesota with the 
degree Bachelor Civil Engineering and immediately joined the ranks 
those pioneers who were busily engaged that time locating and 
building railroads. 

Mr. Dawley’s earlier apprenticeship, like that most engineers his time, 
consisted rapid succession moves from one scene activity another. 
During the ten years immediately following his graduation, was succes- 
sively Rodman, Levelman, Transitman, Locating Engineer, Resident Engineer, 
and Division Engineer various railroad location and construction projects 
for the Minneapolis and St. Louis Railroad, the Great Northern Railway, the 
Minneapolis, St. Paul and Sault Ste. Marie Railway, the Chicago and Indiana 
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Coal Railway, and the St. Paul and Kansas City Railroad Companies. His 
activities during this period covered the greater part Minnesota, Wisconsin, 
Iowa, North Dakota, South Dakota, and Indiana, but there were addition 
three outstanding accomplishments. 

The location the Minneapolis and St. Louis Railroad, 1884, which 
extended far west Watertown, Dak., was Mr. Dawley’s first work 
charge location. This line ran through the Dakota Hills and necessitated 
some heavy grading and bridge work. also located and platted fourteen 
town sites along this line. 

1885 and 1886, Mr. Dawley first located and then constructed miles 
the Chicago and Indiana Coal Railway, which later became the Indiana 
Division the Chicago and Eastern Illinois Railway. The following year 
was charge construction miles line southwesterly from Des 
Moines, Iowa; this line later was incorporated one the component parts 
the Chicago-Great Western Railroad. 

1888, Mr. Dawley became Special Assistant Engineer the Vice- 
President the Chicago and Eastern Railway Company, with which 
road remained until 1906, having been made Principal Assistant Engineer 
1890 and Chief Engineer and Engineer Maintenance Way 1894. 
many respects, this was the most active period his life and the one 
greatest responsibilities. Railroad mileage was being extended rapid pace, 
and Mr. Dawley had this time reputation railroad builder which made 
his counsel much sought. addition being full charge all engineering 
work, both construction and maintenance, for the Chicago and Eastern 
Railway Company, located and, subsequently, built the extension from 
Tuscola Shelbyville, Ill. Later, extended the line Thebes 
the Mississippi River and Joppa the Ohio River. During this 18-year 
period, located and constructed more than 500 miles railroad. addi- 
tion, Mr. Dawley re-designed and rebuilt the yard Danville, and the 
Terminal Yard Dolton, 

1906, Mr. Dawley left the Chicago and Eastern Railway Com- 
pany become Chief Engineer the Missouri and North Arkansas Railway 
Company. the following three years located 210 miles new line 
Missouri and Arkansas, about one-half which was the Ozark Mountains, 
and required heavy grading and large number steel bridges, including 
300-ft. draw-span over the White River. purchased the right way for 
this line and completed its construction, having expended three years more 
than 000 000. 

1909, the earnest solicitation Onward Bates, Past-President and 
Hon. Am. Soc. E., Mr. Dawley signed contract Chief Engineer 
the newly formed Yunnan, Szechoan and Teng Yueh Railway Company 
China. Mr. Bates had just returned from trip China and had been asked 
assist the selection engineer for the railway. his arrival 
Yunnan Southwest China, Mr. Dawley found necessary train 
twenty young Chinese the art surveying before was able commence 
the work location. His success this unusual engineering task evidenced 
the fact that the next four years had completed the exploration and 
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reconnaissance surveys for more than 1400 miles railway and the prelim- 
inary and final location surveys and estimates for 600 miles additional 
track. All this work was the extremely mountainous district South- 
western China. 

The unsettled condition the country and the Revolution which resulted 
the formation the Chinese Republic produced long periods inactivity, 
however, and the railroad was never constructed. After number rather 
hazardous experiences, Mr. Dawley returned home 1913. 

his return, entered private practice Consulting Engineer and 
assisted Bion Arnold, Am. E., study and report the rail- 


road terminals Chicago. made similar studies with Mr. Arnold 

Flint, Mich., 1915, and Baltimore, Md., 1917. 1918, became 
associated with Smith and Company, Consulting Engineers, St. Louis, 
Mo., and was charge many problems river freight-handling facilities 
well railroad, industrial, and civie problems. 
Although more than years old the time the World War, Mr. Dawley 
made application enlist the Army and was commissioned Major only 
have the commission rescinded immediately due his age. was em- 

ployed the Government, however, Consulting Expert the Army Base 
New Orleans, La., and, later, was assigned the United States Railroad 
Administration assist claims arising from the Government opera- 
tion the railroads. 
Following the war, became greatly interested the Federal valuation 

railroads. His personal connection with the original construction many 
miles railroad, coupled with his intimate and well retained knowledge the 
cost, made him much demand present expert opinion before the Interstate 
Commerce Commission. was while inspection trip, preparing for 
railroad valuation case, that Mr. Dawley suddenly became ill the train, and the 
died shortly thereafter. 
Mr. Dawley was particularly fond young engineers and many them 
have been made better engineers and better men the kindly and unassuming lar 
way had explaining them the problems that had faced, well 
the way which always could make clear the ethics situation. the 
That equals and superiors well subordinates loved him and trusted 
him better told than that which has been written already 
Railroad President with whom was associated for years: for 
“With his ability there coupled kindliness heart and temperament 
that makes him particularly useful meeting strangers and adapting himself 
changing conditions, and has ability without display vanity and the 
will never offend even the poorest laborer, nor party corruption and 
matter from what source may arise.” 
Mr. Dawley was member the Western Society Engineers, the St. 
Louis Engineers’ Club, the St. Louis Railway Club, the Circle Club, and the Hot 
City Club St. Louis. was active the founding, and was Charter 
also 


Member, the American Railway Engineering Association and served the 
first Treasurer that Association. holding the position from 1899 1909. 


MEMOIR FRED ATWOOD JONES 2773 


1890, Mr. Dawley was married Angie Louise Haven. Mrs. Dawley 
and daughter, Helen Louise, survive him. 


Mr. Dawley was elected Member the American Society Civil Engi- 
neers October 1905. 


FRED ATWOOD JONES, Am. E.* 
May 22, 1928. 
Fred Atwood Jones was born Dallas, Tex., August 23, 1875, the son 
Frank Jones and Nannie (Hunt) Jones, natives Missouri, his father 
having gone Texas lumberman with the William Cameron Interests. 
When the boy was three years age the family moved Bonham, Tex., 
where was educated, having been graduated from Fannin the 
age fifteen. then attended and was graduated from Richmond College, 
Richmond, Va., receiving his Bachelor Arts Degree from that institution 
1894. then enrolled Cornell University, Ithaca, Y., take 
professional courses and, 1898, received the degree Electrical and 
Mechanical Engineer. 
After his graduation from Cornell, Mr. Jones began the practice miscel- 
laneous engineering and surveying Northern Texas. Later, took the 
Student’s Course with the General Electric Company, Schenectady, Y., 
and for two years was engaged the Testing and Railway Engineering 
ion Departments that Company. 
any January, 1902, Mr. Jones opened engineering office Houston, Tex. 
the served Consulting Engineer during the building the power station 
tate the Southern Terminal Company, Galveston, Tex., well that 
the Corsicana Gas and Company, and many other such plants, 
the same time submitting great number engineering reports. 1908, 
had gathered about him other highly efficient engineers and builders. 
list his chief works would review the great building operations many 
large centers Texas, from the older cities the new-born oil centers. 
Among other structures Dallas that may credited his organization, are 
the Dallas Country Club; the Sumpter (now the Central Bank) Building; the 
Southern Methodist University Building the City Hall, 
which lasting monument beauty and stability, comparing well with the 
foremost municipal buildings the largest cities; the Southland Life Build- 
ing; the eight-story addition the Interurban Building; the White Rock 
Reservoir; the Dallas Filtration Plant; the Texas “Farm Ranch” Building; 
the Palace Theatre, which ranks with the leading theatre buildings America; 
and the interurban lines leading from Dallas Sherman, from Dallas Corsi- 
cana, and from Dallas Waco. 
Houston, the Rossonian Apartments, the Sunset Hospital, the Bender 
Hotel, and the Levy Brothers Department Store are some his work that 
city, well the Telephone Exchange, which also his credit. There 
also the American National Building, Galveston, Tex.; the 
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Nueces Hotel, Corpus Christi, Tex.; the Paso Del Norte Hotel, Paso, 
Tex.; Trinity University Dormitory, Waxahachie, Tex.; the National Sup- 
ply Building and the Republic Supply Building, Ranger, Tex.; the Atlas 
Supply Company Building, Tex.; and the County Hospital, the 
Moulton Hotel, and the American Trust and Savings Bank Building, 
story structure, all Birmingham, Ala. 

addition, Mr. Jones prepared the cost review report the 
Dam, Salt River Valley project, which brought into usefulness land valued 
$10 000 000. also made the survey and report for the proposed Dallas- 
Wichita Falls Interurban Line, and his organization handled the construction 
Camp McArthur cantonment, Rich Field (an aviation camp), and large 
hospital for the Government, Waco. 

During the World War, was Chairman the Military Training Camps 
Association, and conducted examinations civilians for Officers’ Training 
Camps. also represented the Secretary War visiting training camps 
and aviation fields Texas and conferring with officers various matters. 

September 1910, Mr. Jones was married Gussie Holland, the 
daughter the late Col. Frank Holland, former Mayor Dallas, and 
the owner Farm Ranch, and Holland’s Magazine. They had three chil- 
dren, Fred Jr., Robert Holland, and Latham Fletcher Jones. also 
survived his brothers, the Hon. Frank Jones, Houston, and 
Jones, Greenville, Tex. 

Although quiet and unassuming, Mr. Jones was one the most prominent 
engineers and builders the Southwest. allied himself with the social 
and civic life well with the commercial affairs each city which 
resided. was Shriner, member Hella Temple, Dallas, and member 
the City Club, the Dallas Country Club, and the Brook Hollow Golf Club. 
was one the oldest members the American Institute Electrical 
Engineers. 


Mr. Jones was elected Member the Society Civil Engi- 
neers December 1915. 


BATTLE HARGROVE KLYCE, Am. E.* 


May 23, 1928. 


Battle Hargrove Klyce was born Carpenteria, Calif., December 10, 
1882, the son minister the Methodist Episcopal Church. his early 
childhood his parents moved education was received 
the public schools the State until became old enough prepare for 
college. then attended the Webb School for Boys Bellbuckle, Tenn., 
where studied under the famous Sawney Webb—founder the school— 
who enjoyed the distinction being one the outstanding teachers and 
developers boys’ character all the Southland. completion his 
course the Webb School, Mr. Klyce entered Vanderbilt University, Nash- 
ville, Tenn., enrolling the course Civil Engineering; was graduated 
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from Vanderbilt 1906 with the degrees Bachelor Arts and Bachelor 
Engineering. His work college was the highest order, winning 
for him the honor membership Phi Beta Kappa. also won the 
Founders’ Medal for scholarship, the highest honor achieved Van- 
derbilt University. 

Immediately after his graduation, Mr. Klyce was employed Assistant 
City Engineer Jackson, Miss., which position for about three 
years, when was made City Engineer. held this position until January, 
1911, when became associated with Solomon and Norcross, Atlanta, Ga., 
for which firm supervised the construction municipal improvements 
several Southern cities. 1912, became City Engineer Waycross, Ga., 
where remained for about year and one-half, after which returned 
private work with the late James Hazlehurst, Am. Soc. E., Miami, 
Fla. the completion this engagement was employed the City 
Miami take charge the design and construction various municipal 
improvements, including sewers, sewage pumping station, sewage disposal 
works, incinerator, paving, This work extended over period three 
and one-half years. 

June, 1916, Mr. Klyce became associated with Kackley, Am. 
E., under the firm name Klyce and Kackley, Nashville, Tenn., 
engaged general engineering business Florida, Georgia, Tennessee, and 
Arkansas. Mr. Klyce also acted Project Engineer for the Housing 
Corporation for the proposed housing development Wrigley, Tenn., and 
Supervising Engineer the Construction Quartermaster for the Aviation 
Gunnery School Chapman Field, Miami. 

His outstanding work was the design and construction the Miami 
Causeway, structure which extends distance three and one-half miles 
across Biscayne Bay, and which monument his ability. 

The partnership Klyce and Kackley was dissolved 1920, after which 
Mr. Klyce continued business his own name for several years. 1923, 
became associated with Harrub, Am. Soc. E., later changing 
the firm name Klyce and Harrub. The new firm continued municipal 
engineering work, and the time Mr. Klyce’s death, was serving many 
cities Tennessee, Kentucky, and Mississippi. 

1912 was united marriage Marion Watkins, Jackson, Miss., 
who, with their five children, Erskine, Battle Jr., Shelby, Billie, and Mary 
Alice, survives him. 

Soon after Mr. Klyce’s return Nashville from Florida, connected 
himself with the Blakemore Methodist Episcopal Church that city, and 
became one its leaders. was Chairman the Building Committee for 
the construction the new church 1924, and, subsequently, was also Chair- 
man the Finance Committee. 

Mr. Klyce’s varied experience many States the South made for him 
unusually large circle friends, all who knew him liked him and 
respected him for his manliness and high Christian character. was 
member the Engineering Association Nashville, which was Presi- 
dent 1927. was also Past-President the Nashville Local Section 
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the Society. was member the Nashville Automobile Club and the 
Lions’ Club. 

Mr. Klyce enjoyed the respect and esteem his engineering colleagues, 
and his death blow the profession which will long felt; his associates 
church and business will find his place difficult fill. 

Mr. Klyce was elected Associate Member the American Society 
Civil Engineers June 30, 1911, and Member March 1920. 


CHARLES KENNETH CURRY, Assoc. Am. Soe. E.* 
Diep 17, 1927. 


Charles Kenneth Curry was born April 15, 1895, Jackson, Mich., 
the son the Rev. and Mrs. Curry. The family lived for time 
Jackson and also Flint, Mich., when Mr. Curry answered New 
Jersey. From New Jersey they went Omaha, Nebr., where Charles Kenneth 
Curry was graduated from High School entered the University 
Colorado the following September, and received the degree Bachelor 
Science Civil Engineering 1917. 

few months later, Mr. Curry enlisted the Army and went France 
with artillery regiment. served five major engagements when his 
superior officers recognized his ability and was sent the Engineer Officers 
School Langres, France. From this school received commission 
Lieutenant the Engineer Officers Reserve Corps. When the 
Armistice was signed was sent into Germany with the Army Occupation. 
afterward entered the University Nancy where studied for four 
months. 

his return the United States September, 1919, Mr. Curry was 
engaged Draftsman with the American Bridge Company Gary, Ind., for 
short time until better opportunity was presented the Robins Convey- 
ing Belt Company, Chicago, with which was associated until 1921. 
1921, was employed Allen and Garcia Company, Chicago, and his 
work with this firm, both the office and the field, was attended with suc- 
cess. spent some time Mexico work coal mine. 
1927, was sent Price, Utah, his Company assist putting into 
operation coal tipple which had designed. While engaged this work 
was stricken with appendicitis and died September 17, 1927, following 
operation. 

engineer Mr. Curry’s success seemed assured. was only thirty- 
two years old the time his death, but had laid unusual foundation 
for his work and had accomplished that which would much older 
man. was practical and possessed well good working knowledge 
theory. had executive ability and men liked work with him. was 
man high ideals and charming personality. 

August 28, 1926, Mr. Curry was married Mary Allen, Chicago, 
who survives him. was member the Hyde Park Baptist Church. 
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Mr. Curry was elected Associate Member the American Society 


Civil Engineers October 1926. was also Associate Member 
Western Society Engineers. 


LUCERN STEWART, Affiliate, Am. Soc. E.* 


29, 1927. 


Lucern Stewart was born Marshall, May 1856. received 
his education the schools 

Mr. Stewart’s first bridge work was with the Wabash, Chester, and Western 
Railroad Company, and was rapidly promoted Superin- 
tendent Bridges. 

1885, was employed the late George Morison, Past-President, 
Am. Soe. E., Chief Engineer, build the for the Illinois Central 
Railroad Bridge over the Ohio River, Cairo, After finishing this work, 
Mr. Morison sent him the Merchants Bridge, St. Louis, Mo., then under 
construction. was soon transferred 1887, Memphis, Tenn., and made 
General Foreman Substructure the Kansas City, Fort Scott and Mem- 
phis Railroad Bridge over the Mississippi River. The construction this 
bridge extended over period about five years, and the experience obtained 
under Mr. Morison Chief Engineer, and the late Alfred Noble, Past- 
President, Am. Soc. E., Resident Engineer, was invaluable Mr. Stewart. 
When the Memphis Bridge was finished 1892, took charge the sub- 
structure work the Burlington Bridge over the Mississippi 
St. Louis. 

1893, Mr. Stewart entered the service the late Tullock, Am. 
Soe. E., Proprietor the Missouri Valley Bridge and Iron Works, 
Superintendent the substructure the Missouri River Bridge, Leaven- 
worth, Kans., and 1895 and 1896, was Superintendent the Missouri 
River Bridge, Jefferson City, Mo. 

1896, when contract work was almost standstill because 
financial crisis, Mr. Stewart was employed the Kansas City, Fort Scott 
and Memphis Railroad Company, for which carried extensive recon- 
struction program bridges until August, 1898, when again entered the 
service Mr. Tullock. During the next six years had charge the fol- 
lowing large substructure contracts: Reconstruction some the old piers 
the St. Louis, Iron Mountain, and Southern Railway Bridge over the 
Arkansas River, Little Rock, Ark.; the Kansas City, Pittsburgh and Gulf 
Railway Bridge over the Red River, Index, Tex.; the Tampico Wharf for 
the Mexican Government Tampico, Mexico; the Texas and Pacific Railway 
Bridge over Old River Steamboat Island, Louisiana; the Paso and 
Southwestern Railway Bridge over the Rio Grande, near Paso, Tex.; the 
Fort Smith and Western Railway Bridge over the South Canadian River, 
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Garner, Indian Territory, and two bridges for the Memphis, Helena and 
Louisiana Railway Company (Missouri Pacific Lines) over the Arkansas and 
White Rivers, Arkansas. 

After the death Mr. Tullock 1904, the Missouri Valley Bridge and 
Iron Company was organized, and Mr. Stewart was made Superintendent 
Construction, which position held until December, 1906, when resigned 
organize the Union Bridge and Construction Company, which was 
made President. continued President this Company until October, 
1921, when was made Chairman the Board Directors, which position 
retained until his death. 

After the organization his own company, Mr. Stewart successfully exe- 
cuted number large substructure contracts, some which were: The 
Mississippi River Bridge, Keithburg, two bridges Portland, Ore., 
over the Willamette River; the Harahan Bridge over the Mississippi River, 
Memphis, Tenn.; the Paducah and (Burlington) Bridge over the 
Ohio River, Metropolis, the New Orleans and Railway Bridge 
over the Atchafalaya River, Louisiana; and two bridges for the Northern 
Pacific Railway Company, over the Yellowstone and Missouri Rivers, 
Montana. 

1917, when the United States Government called for contractors 
build ships, Mr. Stewart accepted contracts build six 500-ton hulls the 
Ferris type, three cargo hulls the type, and six hulls 
the Daugherty type. The first nine these hulls were successfully com- 
pleted and went into service, but those the Daugherty type were never 
completed, the contract having been cancelled after the signing the 
Armistice. 

Practically all the substructure work which Mr. Stewart executed, was 
done the process. probably acquired more practical experi- 
ence and greater knowledge pneumatic foundation work than any other 
man his time. The base which this experience and knowledge was 
founded, was ability, integrity, energy, and resourcefulness, combined with 
keen foresight, and the faculty judge men. 

evidence the esteem which was held engineers, the following 
cited: 1902, contractor New York City inquired Mr. Alfred 
Noble the name the best foundation man the United States take 
charge important piece work. Mr. Noble replied “the name that 
man Stewart, and you will you can secure his 
services”. 

From Ralph Modjeski, Am. Soc. E., comes the following tribute: 

have known Mr. Stewart for many years; first acquaintance with 
him was about years ago, when, general foreman, was charge 
building the difficult foundations the old Memphis Bridge. Later, head 
the Union Bridge and Construction Company, built the foundations and 
piers the second Memphis Harahan Bridge. these important pieces 
work, well many others, commanded the admiration, respect, 
and friendship every one who came contact with him. Every one recog- 


nized him great energy, resourcefulness, thoroughness, and absolute integ- 
rity. was often said that ‘no one could knock the caisson together quicker 
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and better than One felt that within his cheerful, amiable 
and even disposition, dwelt indomitable energy and honesty purpose 


Through his death the Engineering Profession and his many friends have 
suffered inestimable loss.” 


1923, Mr. Stewart practically retired from active service, and moved 
with his family Tampa, Fla., where remained until his death. 
survived wife and one son, Mr. Stewart, Tampa. 

was York Rite Mason and member Abdallah Temple, 


Mr. Stewart was elected Affiliate the American Civil 
Engineers February 1912. 


WILLIAM BACON WELLS, Jun. Am. E.* 
Diep 17, 1928 


William Bacon Wells, the son George William Wells and Amy Bacon 
Wells, was born Lewis, Kans., August 26, 1899. received his 
Grammar and High School education Lewis, and studied Civil Engineering 
Kansas University, from which was graduated 1922 with the degree 
Bachelor Science Civil Engineering. 

After his graduation, Mr. Wells was engaged Assistant City Engineer 
Ellsworth, Kans. this capacity, acted Resident Engineer the 
construction the water-works system that city. 

1923 entered the employ Devlin, Civil Engineer, Wichita, 
Kans., and for the years was Resident Engineer for the Company 
charge various municipal improvements Caldwell, Kans., Waurika, 
Okla., and Englewood, Colo. 

1925, when the Devlin Engineering Company was organized, with 
branch office Amarillo, Tex., Mr. Wells went with the writer act 
Engineer for the firm projects Western Texas and Eastern New Mexico 


this capacity designed and supervised the construction storm sewers 


and drainage works Clarendon, Tex.; sanitary sewer system Brown- 


field, Tex.; water-works and sewer extensions and street paving Portales, 
Mex.; street improvements O’Donnel, Tex.; and street paving Tulia, 
Tex. 1927, Mr. Wells returned Kansas take charge the installa- 
tion sanitary sewer system Cedarvale; had completed this project 
few months before his death Clay Center, Kans. 

While the foregoing account covers the work done Mr. Wells during 
the short span life allotted him, mention should made some other 
things—the things the spirit that remain and are even more permanent 
than the structures reared this young engineer. 

completing his engineering training chose enter the ranks 
those engineers who are fighting the battle “Main for 
the betterment living conditions the “small towns” the Southwest. 
The writer recalls how, after many weary miles driving over the plains 
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Texas, would discuss with Mr. Wells the problems these small towns 
that were being built. was not the actual construction work itself which 
was found difficult, but the earlier task the incorporation these new 
towns with all the consequent handicaps that surround such undertaking. 
The struggle with the apathy and ignorance some the inhabitants, the 
opposition promoting mass meetings, and the discussions whether 
the bonds for the sewer and water systems—those elementary necessities 
civilized living—should voted for, were only some the obstacles 
encountered. 

all these things, Mr. Wells showed not only great energy and ability, 
but also rare understanding these pioneer people from whom sprang. 
loved the Southwest and its people, worked for them, and gave his life 
for them. died ptomaine poisoning, the language his native land, 
“with his boots on”. summed his life’s work aptly closing his report 
the City Commission Clarendon, with these words: “It our hope that 
this report may lead healthier and more beautiful Clarendon.” 

Mr. Wells was member the Delta Upsilon Fraternity and the Kansas 
Alumni Association. 

His marriage, June, 1925, Norma McFadden, Nevada, Mo., was 
the culmination romance college days. survived his widow 
and his parents. 

Mr. Wells was elected Junior the American Society Civil Engineers 
March 12, 1923. 
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January 


Quarterly Meeting will held New York, 


ANNUAL MEETING, NEW YORK, 
January 16, 17, and 18, 1929 
January 16, 1929: 


Morning.—Annual Meeting, Conferring Honorary Membership, and 
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All-Day Excursion. 


SPRING MEETING, DALLAS, TEXAS, 
April 24, 25, and 26, 1929 


The Reading Room the Society open from every day, except 
Sundays, New Year’s Day, Washington’s Birthday, Memorial Day, Fourth 

July, Labor Day, Thanksgiving Day, and Christmas Day; during July and 


Members, particularly those from out town, are cordially invited use this room 

their visits New York, have their mail addressed there, utilize 
place for meeting others, There file 276 current periodicals, the 
latest technical books, and the room well supplied with writing tables. 


